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PREFACE. 



In the course of a somewhat extensive experience I have often 
needed the assistance of a manual describing the principal features 
of the Machines employed in Gold Mining — their sizes, capacities, 
and speeds — and the rules and formulae governing their use. 

These points (it is believed) will be found sufficiently embodied 
in this work, and — so far as I am aware — no other volume yet 
published covers the same ground. 

Lengthy descriptions and catalogue extracts have been omitted, 
except in so far as the latter refer to the capacity of individual 
machines, while the notes on erection and other matters have 
been framed with the view of rendering practical assistance to the 
Manager and Mechanical Engineer. 



Petworth, 

Nkwton AnnoT, 

Aui^ust 1906. 
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CHAPTER 1. 

INTRODUCTORY. 

The remarkable growth of the gold-mining industry in recent limes — a 
fact of notable imix)rtance to mankind — is, to a great extent, attributable to 
the modern development and perfecting of the machinery employed. For 
on the efficiency of the plant and equipment of a gold-mine depend both 
the economical treatment of high-grade ores and the profitable handling 
of low-grade deposits. In the latter case, especially, it is of the utmost 
imix)rtance to utilise every possible mechanical advantage tending to 
reduction in expense of working and consequent economy in cost of 
output. 

The design and general arrangement of mining plant are influenced by 
many considerations ; the most important of these are the mode of deposi- 
tion of the ore body and character of the ore, the power available, and the 
amount and quality of the fuel and water accessible. In addition to these 
main features, various matters of secondary importance must be regarded, 
such as the extent of space at disposal for arrangement of the plant, and 
the contour of the ground as affecting all means of transport within the 
property. The ability of the attendants controlling the plant forms another 
factor to be considered, involving the question whether the increased 
economy of highly complex mechanism would justify, in particular cases, 
the importation of a skilled staffl 

When installing boilers of given evaporative power the inferiority of local 
fuel must not be forgotten, nor the decreased draught and smokestack 
efficiency common in tropical countries. 

The design demands regard to those matters of detail which go far 
towards fitting each machine to the particular conditions of its employ- 
ment ; as, for instance, the use of studs in place of bolts in machinery 
intended to work underground. Such practice is allowable with rock drills, 



2 GOLD MINING MACHINERY. 

which are easily sent to surface for repair ; but when applied to pumps it 
has led to disasters, for which the design is unfortunately seldom blamed. 

The difficulties of transport to outlying districts often demand serious 
consideration ; to what extent shall facility in this direction be obtained 
at increased cost both in manufacture and erection, and with a less 
efficient result. 

A seclionalised machine, when erected where it was made, may be as 
efficient as any other form ; but it is not so at the end of a long and 
difficult journey, when rust and rough usage have destroyed the accurately 
machined surfaces, and parts and connections have possibly been lost on 
the way. In such cases considerable skill is necessary to construct even 
a workable machine from the damaged remnants. 

All these local, and therefore constantly varying, requirements preclude 
the adoption of any standard design or system of arrangement. 

Orders for machinery, although originating at the mine, are seldom 
accompanied by complete plans and specifications ; usually only the 
principal features are indicated, and reference in some cases made to 
those local conditions on which the design of the plant so largely depends. 

The manager, necessarily a man of many parts, is not always con- 
versant with mechanical details, nor may he be able to spare the time 
for the investigations demanded. In such cases he cannot always rely on 
his mechanical staff, who are often practical men with little knowledge of 
theory, proportions, and strengths. Fortunately such orders are usually 
placed with manufacturers making a speciality of this class of work ; and 
the result is something suitable for the duty to be performed, if not best 
adapted to the peculiar conditions of local service. 

Given an equipment of suitable capacity and design, its efficiency and 
cost of maintenance depend on the staff at the mine, on whom devolve 
the selection of proper sites, the provision of foundations, the correct 
alignment of parts to each other, and of units into a complete installation. 

Comparatively few mines are equipped at once for the output required, 
the machinery being generally erected in units at different times to keep 
pace with underground development ; and when competent guidance is 
absent, the machinery becomes arranged in isolated groups and patches, 
with little regard to centralisation or the relation of units to the whole. 

The laying out and disposition of the mine plant are subject to condi- 
tions as numerous and complex as the design ; no rules can be laid down, 
though general principles may be indicated. 

In addition to the work of installing new machinery, the mechanical 
staff is daily confronted with problems arising from the state of the plant ; 
in one mine a thousand gallons per minute are pumped regularly and 
without difficulty, another may be unable to cope with the same quantity 
hourly. Only those who have experienced it know the strain and worry 
of attempting to get regular results with inefficient and worn-out machinery. 
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Pumps break down, boilers leak, and pipes burst at all hours of the night 
and day, while the rush of repair work is carried on by those too fully 
alive to the hopelessness of their task. 

Just where they are most needed, the means for repair are frequently 
wanting, and no machine tools are to be found. On such mines even 
the screwing gear is incomplete, and some sort of a thread is made on a 
one-inch bolt by a pair of worn-out five eighths dies. 

Yet, even under these conditions, good work is done ; such difficulties 
call into play the fullest energy and resourcefulness of the staff. On one 
mine of this character the crank shaft of the mill engine broke twice in 
a fortnight, first through the pin, then through the web ; yet it was 
repaired and the mill kept going for two months until a new shaft could 
l>e obtained ; the repairs being carried out entirely by native labour, and 
a ratchet brace the only tool available. 

As regards the running of machinery, there is little doubt that greater 
economic efficiency in the production and use of power would be obtained 
if the results were tabulated and made more apparent, and if the cost of 
a hundred horse-power spent in raising ore or water were known with the 
same accuracy as the gold extraction. The data required are easily obtain- 
able, the calculations by no means involved ; yet on many mines power 
is produced regardless of cost, efficiency untested and unknown, the 
indicator never used. 

Take, for example, the case of an air compressor using more than its 
common supply of fuel ; as most engines are provided neither with counter 
nor meter, it is not easy to decide whether increased work results from 
the greater consumption. Still more difficult is it, in case of loss of 
efficiency, to trace and locate the loss, which may be either in boilers, 
compressor, drills, or connections. 

The interests at stake are high, and this need of efficiency often 
apparent in no small degree ; yet it is only on a comparatively few well- 
established mines that inducements are offered to the right class of man 
to take charge of the plant. 

Often the training rather than the man is at fault ; any sort of training, 
marine or otherwise, being deemed sufficient ; theory and practice are not 
combined, and even practice is limited to ordinary workshop experience. 

Many mechanical engineers during the whole course of their training 
may have had nothing to do with foundations or pipe connections, or 
been taught how to lay off a line of shafting. In the wider sphere of 
outdoor work new phases arise ; while in foreign countries the accustomed 
facilities may be non-existent, advice and assistance in emergencies 
unavailable. 

Book knowledge cannot replace experience, supply resourcefulness, or 
provide for the many possible combinations that may arise. Still, the 
Author hopes this work may prove useful to those engaged in this im- 
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portant and ever-increasing industry ; that it may assist managers in the 
selection of suitable equipment and indicate the principles on which the 
various parts are assembled in correct relation to each other; while to 
the mine engineer it may afford some of that information which workshop 
routine fails to impart. 
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CHAPTER II. 

MOTIVE POWER, 

Combustion — Fuels and their Value— Steam — Superheated Steam — Ileat Ix)sses — Steam 
Motors — Water Power — Clauging Supply — Horse-power Available — Forebays — 
Ditches — Flumes, Pipes — Water Wheels — Turbines, Penstocks — Sinj;le and Double 
Vortex Turbines — Pelton Wheels — The Action of Gas, Oil and Petrol Motors — 
Electricity — Action of Dynamos — Fixing and Running Dynamos and Motors. 

Steam. 

Combustion. — As most of the power used in gold-mining is obtained 
from steam, it will be advisable to consider briefly the principles of com- 
bustion and steam production, especially as in most works of reference 
those features directly affecting the result are often obscured in masses of 
more detailed information. Even in the boiling of water an acquaintance 
with the theory of the subject is essential if our efforts are to be properly 
directed. 

Combustion is neither more nor less than oxidation, the chemical 
union of other elements with oxygen. This union takes place at var)'ing 
rates ; the extreme on the one hand being the explosion in the gas, oil, 
petrol motor, or gun ; while as instancing tardy action we have the rusting 
of iron and the drying of paint. 

In producing heat for power purposes, combustion proceeds at a 
medium pace and the oxygen is caused to combine with fuels which are 
valuable as heat producers in proportion to the hydrogen and carbon they 
contain. Hydrogen is three to four times as powerful an agent as carbon, 
hence the value of hydro-carbons, or mineral oils, as heat producers. 

The atmosphere supplies the oxygen, and combustion commences 
when the elements are sufficiently heated for the chemical union to begin. 
In this union three parts by weight of carbon combine with eight by weight 
of oxygen, and form carbon dioxide ; while one part of hydrogen combines 
with eight of oxygen and ultimately forms water. 

No matter at what rate the combustion goes on, these proportions are 
rigidly adhered to ; should there be a surplus of any one element it does 
not destroy or impair the combination, but passes away uncombined. 
Combustion, therefore, may be incomplete but cannot be imperfect. In 
perfect combustion of perfect fuel nothing is uncombined, nothing left — a 
result nearly attained in oil burners. 
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Although I lb. of good coal is capable of evaporating 15 lbs. of water, 
in practice this is never attained, the highest under careful test being 12.9 
lbs. ; in the everyday work of ordinary mine plant from 5 to 7 lbs. would 
be the average. 

Each 30 lbs, of water evaporated into steam at 70 lbs. pressure con- 
stitute one boiler horse-power; therefore when 15 lbs. of coal are con- 
sumed per hour on each square foot of grate, and each lb. of fuel evaporates 
7 lbs. of water, 3 J H.P. is being produced per square foot of grate. 

But the total heat evolved in combustion is never available for ix)wer 
purposes, some being lost by radiation, some by incomplete combustion 
and in forming draught. Whether the draught be produced by fans, steam 
jet, or chimney, in neither case is it obtained without expenditure of power. 
If an ordinary chimney is used, the best temperature for the escaping gases 
at the top is 600** Fahr., or ap|)roximately 20 per cent, of the total power 
produced is expended in obtaining draught. 

On account of the foregoing reasons only about 60 per cent, of the 
total heat obtained from the fuel is transferred to the water. In carefully 
designed plants it may amount to 75 per cent., and to 80 or even 85 
per cent, when economy has been especially studied and feed heaters and 
superheaters provided. 

The duty of the boiler is to transmit heat to the water within. This 
transmission is effected more quickly through thin walls than through thick, 
hence the quick steaming of those boilers whose tubes are thin and small 
in diameter. Heat is transmitted to the water in actual contact with the 
fire tubes, but water itself is a poor conductor and does not readily dis- 
seminate the heat it receives ; thus the heating of the contents of the 
boiler is effected largely by circulation, or movement of heated water 
upwards and colder water downwards. Boilers with slow circulation are 
slow heat transmitters and slow steam producers. 

A boiler evaix)rating 9 J lbs. of water per lb. of coal is utilising about 75 
per cent, of the heat produced, while many triple-expansion engines yield an 
indicated horse-power on from 12 to 20 lbs. of evaporated water per hour. 

Steam is defined as " an elastic invisible gas, generated from water by 
the application of heat." Water at sea level boils at 212" Fahr., and 
cannot be made hotter in an open vessel at that level ; in a closed vessel, 
however, the temperature of the water varies with the steam pressure. 
There is a great difference between the heat required to boil water and 
that necessary to turn it into steam, no less than 966° Fahr. being used in 
the change of form which the water undergoes, this amount being known 
as the latent heat of steam. But for this fact the change would be 
instantaneous and the whole of the water pass away as steam directly 
boiling point was reached ; this is not the case, the change is gradual, and 
in accordance with the heat added. The heat required to evaporate i lb. 
of water is sufficient to melt 1 3 lbs. of gold. 
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The following table gives the temperature of ordinary saturated steam 
at different pressures, fractions being neglected : — 



GaufEe Pressure 
in lbs. 


Temperature in 
degrees Fahr. 

240 


Weight of cub. ft. 
in lbs. 


Cub. ft. in I lb. 


lO 


.06199 


16.13 


20 


259 


.08508 


11.75 


30 


274 


.1077 


9.285 


40 


286 


.1299 


7.698 


50 


298 


.1519 


6.583 


60 


307 


.1736 


576 


70 


316 


.1951 


5- 1 26 


80 


323 


.2165 


4.619 


90 


331 


.2378 


4.205 


IC» 


338 


.2589 


3.862 


125 


353 


.3"3 


3-212 


'45 


363 


.3532 


2.833 


175 


377 


.4153 


2.408 


210 


392 


.4876 


2.051 


310 


424 


.696 


1.437 



In this table it will be noticed that when the pressure is already high 
less heat is required to produce a given increase in pressure. Steam at an 
absolute pressure of 50 lbs. per sq. inch requires an additional 46** of heat 
to raise its pressure to 100 lbs., while 13° are sufficient to raise the pressure 
from 350 to 400 lbs., and 21^ to raise steam of 400 lbs. pressure to 500 lbs. 
In other words, it takes 1,154 B.T.U. of heat to produce i lb. of steam at 
90 lbs. pressure from water at So**; an additional 15 B.T.U. doubles the 
pressure, hence one source of economy in using high pressure steam. 

Ordinary, or saturated, steam contams from 5 to 15 per cent, of water, 
and, while in contact with the water in the boiler, cannot be heated above 
the temperature due to its pressure. 

In separate receptacles this can be done. The superheater used for 
the purpose is a coil or nest of tubes through which the steam passes and 
around which the flue gases play. Being in communication with both 
engine and boiler the pressure is not increased. It is an advantage peculiar 
to superheating that increased heat and possible useful work are obtained 
without any increase in the steam pressure. Since the work done is repre- 
sented by the difference in temperature between the steam admitted and 
that exhausted from the engine, greater range of heat gives greater useful 
work, or more work for the same fuel. 

The use of superheated steam necessitates no special engines, gear, or 
alterations to existing motors ; the advantages being most apparent in 
ordinary slide valve engines, pumps, and auxiliaries. Owing to the greater 
heat the density of the steam is diminished and the back pressure decreased, 
while there is less condensation on metallic working surfaces ; this latter 
loss alone sometimes amounting to nearly 30 per cent, of the steam used. 
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By judicious superheating the amount of steam used is decreased by 
lo or 12 lbs. per horse-power. The trouble with lubricating oil no longer 
exists, as mineral oils capable of standing the temperature are easily obtain- 
able. It is only at temperatures exceeding 500" that poppet valves must be 
substituted for ordinary slide valves. 

The average degree of superheat used is from 120** to 150°, and engines 
are running in which the consumption of superheated steam has been 
reduced to within a fraction of 10 lbs. per indicated horse-power per hour. 

To obtain power economically, all practicable heat must be extracted 
from the steam. Decrease of heat not represented by useful work is loss ; 
steam must therefore be kept hot until its work is done. 

Heat Losses in Steam. — Pressure will be reduced and heat lost in 
passages of too little area. This may occur if the steam in any part of its 
journey has to travel at a greater speed than 100 ft. a second ; but a more 
serious loss is the constant condensation in lengths of naked pipe. It 
seems generally taken for granted that there is equal steam pressure at each 
end of a pipe, one end being connected to the boiler, and the other to a 
pump some hundreds of feet down a wet shaft. Under such circumstances 
the loss may exceed 1° Fahr. for each foot of pipe length. 

One horse-ix)wer is constantly lost in 152 ft. of naked 2-in. pipe, in 86 
ft. of 4-in. pipe, and in 53 ft. of 6-in. pipe. When these pipes are covered 
with 2 in. of non-conducting composition, it requires over 1,150 ft. of 2-in. 
pipe to lose a horse-power, 750 ft. of 4-in., and 500 ft. of 6-in. pipe. 

Steam, therefore, needs as careful insulation as electricity. It is not a 
suitable means for power transmission to a distance, but should be used as 
near as possible to the boiler, the pipes and passages being kept short, as 
some loss is inevitable, no matter how well clothed they may be. 

It is easier to produce steam economically than to make good use of 
the heat it contains, the most complicated and highly finished engine 
being a far less economical machine than a good boiler. The latter, as has 
been shown, utilises from 75 to 80 per cent, of the total fuel value; while 
an engine working on only 10 lbs. of steam per hour is consuming 1.02 lb. 
of fuel per horse-ix)wer, and utilising less than 25 per cent, of the total heat 
supplied to it. 

The chief loss lies in the heat still present in the steam when it is 
exhausted at the end of the stroke. Losses by radiation and condensation 
are also large, especially on those surfaces exposed each stroke to the cool- 
ing effect of expanding steam. The cylinder ports and clearance at the 
ends of the stroke cause losses most noticeable when steam is not used 
expansively ; while before any useful work can be done, the friction of the 
engine itself accounts for a proportion of the steam admitted, and constitutes 
the difference between indicated and brake horse-power. 

The above losses are inevitable and independent of the working oider 
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of the motor. Should the engine be in bad order, with leaky valves and 
pistons, and when the action is intermittent, as in winding, the losses 
become still more serious. 

It is safe to say that an engine in bad order, and working under 
disadvantageous conditions, makes use of less than 5 per cent, of the heat 
it receives. Some forms of direct-acting steam pump, for instance, use 
300 lbs. of steam per horse-power, representing between 40 and 50 lbs. of 
coal per horse-power per hour. 

Loss of Power. — These inevitable heat losses may be minimised as 
follows : — 

1. By placing engine and boiler close together so that the steam pipes 
and passages are short. The pipes should not be larger than necessary, 
and should be well covered with non-conducting composition. 

2. By a quick piston speed, a small high-speed motor being more 
economical than a larger and slower running engine. 

3. By the use of high pressure, preferably superheated, steam, used 
expansively, the expansion being carried out in stages, as in the 
compound system, so that the cylinder walls are not exposed to extreme 
variations of temperature. As the increased engine friction to some extent 
counteracts the advantages gained, the compound syslem is best suited to 
pressures of not less than 150 lbs.; this is especially the case when the 
engine is non-condensing. 

Steam Motors. — The principal purposes for which power is required 
are pumping, hoisting, and milling, to which may be added power for 
distribution in the form of compressed air or electricity. The various 
forms of engines suitable for the purposes specified being dealt with more 
particularly in succeeding chapters, it is only necessary to refer briefly to 
those characteristics desirable in engines for subsidiary purix)ses. 

In all remote districts it is advisable that these be, as far as possible, 
of one size and pattern, so that not only is a smaller stock of spare parts 
required, but in case of emergency a part may be borrowed from an 
engine not in use. This is especially the case with steam pumps for 
various purposes, including boiler feeding ; and complication may be 
avoided by restricting the number of patterns and sizes in use. 

Motors which are self-contained, or stand completely on one base, 
are preferable to those depending on accuracy in erection for alignment 
of their parts. Sectionalised machinery is seldom thoroughly satisfactory, 
a multiplication of smaller units giving better results. 

The bearing surfaces must be ample, as lubrication may be irregular, 
while the margin of strength must be sufficient for rough usage, both 
during transport, and at the hands of unskilled attendants. 

When wrought-iron bed-plates are used, the centre of the engine should 
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be kept low to avoid warping of the frame, which is liable to occur unless 
the foundation is of extra strength and the frame soundly secured to it. 

Compounding is not to be recommended in subsidiary motors unless 
the steam pressure is high or condensing gear available. 

Obviously the various forms of combined engine and boiler are not 
best suited for use in tropical countries, especially when, as in hoisting, 
the attendant has to be constantly at his post. 

There seems no reason why small standard engines, such as are 
ordered from stock, should not be arranged to run in either direction, and 
crossed belts and other complications avoided at the expense of an 
additional keyway for the eccentric. 

As delivered from the factory, the finished parts are seldom adequately 
jirotected from wet during transport. Cases containing highly finished 
machinery are often dumped on the sea beach below high-water mark, 
left on river banks, or allowed to stand unprotected for weeks in open 
trucks and waggons. On arriving at their destination they may not be 
immediately required, and, for fear of the contents going astray or being 
used for other purposes, they are not unpacked ; with the result that the 
working faces and polished parts lie rusting in their packing of wet 
shavings or sawdust. All this might be avoided if machinery shipped to 
foreign ports were so protected by a coating of white lead and tallow as to 
stnnd immersion in water without injury. 

On the mine, economy may be gained by doing away with these small 
scattered motors, working under disadvantageous conditions, and adopting 
a .systematic distribution of power from a central station. Nothing will 
be gained by merely grouping the boilers, as condensation in long lengths 
of pipe more than counterbalances any advantage gained. It cannot be 
too clearly understood that steam is one of the least efficient means at our 
dis[>osal for distance-transmission of power. 

Water. 

Water is an economical source of power, and well suited to all forms of 
mining work. When laying out work in districts where water power is 
available it will be necessary to ascertain — 

1. The quantity of water at disposal, and if that quantity can be 
increased by storage. 

2. The total fall, and whether it can be increased by damming. 

3. The reliability of the supply in the driest months of the year, with 
due regard to the possibility of storage during wet seasons. 

Usually reliability is the weak point, sufficient storage being only 
possible by works of considerable magnitude. 

Few companies care to incur the expense of a duplicate installation for 
steam and water, throughout ; but on many mines an intermittent supply 
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is used for some particular purpose, such as pumping, steam being held in 
reserve. 

Gauging. — The quantity of water may he approximately ascertained 
in three ways : by measuring the flow through a submerged orifice, the 
flow over a weir, or by finding the velocity of the current at a spot where 
the channel is of fairly uniform sectional area. 

The first method requires a timber dam thrown across the stream, 
sufficient in height to destroy the current and pool the water ; a square 
opening of accurate dimensions is cut in the lower part of this dam. The 
orifice must be sufficiently above the tail-race to afford a clear and un- 
interrupted discharge, and the sides of the opening must be bevelled 
outwards, downstream, leaving the sharp edge of the bevel upstream. 
Having ascertained that the water has ceased to rise behind the dam, or 
in other words, the opening is passing all the coming water, the depth 
must be measured from the surface of the water above the dam to the 
centre of the submerged of)ening. 

The square root of this distance in feet, multiplied by the area of the 
opening, also in feet, and by the constant 300, will give the discharge in 
cubic feet per hour with sufficient accuracy for practical purposes. 

In gauging by the second method, water is caused to flow over a dam 
or weir, usually built of planks, the upper edge of the top plank being set 
level and bevelled downstream as in the previous instance. The dam must 
be of sufficient height to f)ool the water and aflbrd a clear drop of a foot or 
so to the tail-race ; in measuring small streams a notch is usually cut in the 
top plank sufficiently large to pass the coming water. 

As the overflow on the crest of the weir cannot be accurately measured 
from the surface of the passing water, a datum mark exactly level with the 
top of the weir is set a few feet upstream. The depth of water on this 
mark being measured, multiply the square root of the cube of the depth in 
inches by 5, which gives the number of cubic feet of water passing over 
each foot in width of the weir in a minute. 

Or the number of cubic feet per minute flowing over each foot of the 
weir in width may be found by the following table; the depth being 
measured, not on the weir itself, but on the datum mark,' as described 
before : — 
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Depth of 




Water on Weir 
in inches. 








0.0 


I 


4.78 


2 

3 

4 


24.8 
38.2 


5 
6 

7 
8 


53.4 
69.4 

88.4 

108.0 


9 


129.0 


10 


151.0 



Fractions of an Inch. 



i 



i 



J 



\, 



0.596 
7.46 

16. 1 

28.0 

41.7 

57.4 
74.1 

93-3 
103.0 

134.0 

156.0 



1.69 

9.83 
18.9 
31.2 

44-5 
61.4 

78.8 

98.2 

1 18.0 

1390 
162.0 



3-1 
II. I 

21.7 

34.6 

48.9 
65.4 
83.6 
103.0 
123.0 
145.0 
168.0 



Cubic feet per minute. 



Having ascertained the quantity of water and the fall, the horse-power 
available is found by multiplying the weight of the water in pounds per 
minute by the fall in feet, and dividing by 33,000. 

The result is the actual or theoretical power, of w^hich a motor will yield 
a percentage, varying according to its efficiency from 60 to 90 per cent. 
Assuming an average efficiency, the horse-power may be found by multi- 
plying the number of cubic feet of water per minute by the fall in feet and 
dividing by 700. By this formula, if any two factors are known the third 
may be found ; thus the number of cubic feet of water required to yield -^ 
given horse-power on a given fall may be found by multiplying the horse- 
power by 700 and dividing by the fall in feet. When the power and 
quantity of water are known, the necessary fall is found by multiplying the 
horse-power by 700 and dividing by the cubic feet of water per minute. 



Forebays. — In laying out the plant the water inlet must be carefully 
designed, especially when the supply is drawn from mountain streams 
subject to periodic flooding. Floating material may be caught by screens ; 
they are more effective and less liable to choke when set at an angle than 
if placed vertically. Precautions must be taken against the accumulation 
of sand, gravel, and pebbles in the forebay ; this is liable to occur when- 
ever the current of the stream is interrupted, as by a dam. The bed of 
the stream may in this way be silted up level with the crest of the weir, 
leaving only a narrow channel through which the power supply passes to 
the intake. 

Stones, gravel, and pebbles are capable of doing considerable damage 
when projected at high velocity against the vanes of turbines or buckets of 
impact wheels ; and even sand rapidly erodes the nozzles through which 



14 GOLD MINING MACHINERY. 

the water passes. Such substances should be sluiced out at intervals 
through gates placed in the forebay for the purpose. 

From the intake the water may be conducted in flumes, ditches, or 
pipes. Ditches are usually led along the hillside, and in steeply sloping 
ground are seldom satisfactory if cut only partly in the bank, even though 
supported by a wall on the outer, or low, side. Unless for very temporary 
use, it will be found cheaper to set the excavation farther back in the bank, 
so that both sides of it may stand on solid ground. With those inexperi- 
enced in hydraulic work there is a tendency to give ditches too much 
inclination or fall, the result being, not only a loss of effective head, but a 
rapid current which cuts out the sides and banks. A slope of i in 500, 
or about 10 ft. in 1 mile, will generally be sufficient. 

The quantity of water delivered per minute will equal the area of the 
wetted channel in square feet, multiplied by the mean velocity of the current 
in feet per minute. 

Flumes may be used when rocky ground renders excavation expensive, 
or when, owing to contours, it is desirable to convey the water above the 
surface of the ground. In building flumes, square timber frames are made 
by mortising the top and bottom cross-pieces, and tenoning the two upright 
posts. These frames are spaced about 4 ft. apart, and the planking placed 
within them ; leakage is prevented by nailing slats over the joints of the 
planks, or by slightly bevelling their edges, and caulking the joints from 
within the flume with a strand of tarred marline. Inclinations of 30 and 
35 ft. to the mile may safely be given to flumes, provided the head so lost 
is immaterial. Except where timber is plentiful and iron expensive, pipes 
are preferable to flumes for permanent work ; the original cost may be 
greater, but that of erection and maintenance is considerably less. Pipes 
for this purpose are dealt with separately in Chapter XV. 

Motors. — The ordinary overshot water wheel is suitable in the follow- 
ing cases : — (i) Where a slow speed is required, as in pumping ; (2) when 
the water supply is abundant (as this form of motor has an efficiency of 
about 65 per cent, only); (3) when the fall is moderate, as a fall exceeding 
by more than one-eighth the wheel's diameter cannot be utilised. The 
two following examples are taken from the mining district of Tavistock, 
Devon, a locality where water power is largely used for mining work, and 
where wire ropes and reciprocating rods convey power to great distances in 
all directions. Pumping wheel — fall, 50 ft. ; wheel diameter, 45 ft. ; width, 
5 ft. ; depth of rim, 1 2 in. ; depth of buckets, 1 5 in. ; number of buckets, 90 ; 
diameter of wrought-iron axle, 12 in. ; 36 arms, each 6 in. square, bolted 
to cast-iron centres ; driving 240 ft. of 12-in. pitwork, and 180 ft. of 9-in. 
pitwork, with a pumping stroke of 6 ft., and a reserve of power for greater 
depth. 

ng are as follow : — Diameter, 
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30 ft. ; fall of water, 32 ft. ; depth of rim, 11 in. ; width of buckets, 4 ft. ; 
depth of buckets, 12 in.; number of buckets, 84; 24 arms, each 5 in. 
square, geared i to 2 on to 6 ft. drums ; load, i ton net. 

The fall always exceeds the diameter of the wheel so that the water 
may fall into the buckets with a velocity slightly in excess of the peripheral 
speed, and that the low^est buckets may be clear of the tail water. 

In gold-mining work water wheels are usually replaced by turbines, as 
the demand for increased power necessitates either more water or greater 
motor efficiency. 

Turbines. — The principle of the turbine is too well known to need 
detailed description. The wheel is fitted with inclined curved blades 
between which the water is directed by gates or guides, these guides being 
adjustable to suit varying conditions of speed and power. The many 
varieties arrange themselves into two chief classes — the first containing all 
those wheels which work by pressure, in which case the buckets must be 
completely filled, and clearance space minimised. In the other class a jet 
of water acts on a section of the wheel only at any one time ; they are 
known as impulse wheels; the Oirard turbine, i^elton, and Knight wheels 
belong to this class. Different makes of turbines vary in the direction in 
which the water acts. In some types, such as the Fourneyron, the water 
enters at the centre, and the wheel therefore surrounds the guide vanes. 
In others the guides are above, as the Jonval ) or outside, as in the Vortex. 
Sometimes ihe water enters from below, and by its pressure relieves the 
foot-block from the >veight of the vertical shaft ; this is the case at the 
Niagara powtr works. 

The efficiency of the turbine is about 75 to 80 per cent, of the 
theoretical power ; 88 per cent, has been claimed in some American tests, 
and over 90 |>er cent, has been obtained from Pelton wheels under high 
falls. As the power available is the weight of the water multiplied by the 
fall, it follows that a large quantity of water at a small head may be just as 
effective as a smaller quantity at a higher fall. Turbines can be arranged 
to work either vertically or horizontally, and are designed for falls of even 
3 ft.; at this height 40 H.P. can be obtained from a wheel 7 ft. in diameter, 
passing 9,500 cub. ft. of water a minute. Vertical wheels are preferable 
for all low falls. 

When mounted in an iron housing, and standing on an iron base-plate, 
the whole machine is self-contained, and only needs bolting to a level 
foundation ; more care is required when the wheel is placed at the bottom 
of an open penstock, as the weights and pressures to be dealt with are 
considerable. 

The foundations should be of well-footed masonry, in which the wheel 
bearers are bedded ; these are then decked over, and a hole cut in the 
decking for the wheel, the edge around the hole being planed true and 
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■r.r , B-- tr.<: bawr '/ ihe whetl mubt make a watertight joint when bdud 

pTfist-yk- iiiav t>c (.onitruned of timtjer. provided the head of water 
r.-fr= 'fH KS'vA atjyui 35 ft. i for greater falU pipes are less troublesome. 
J fi-r timl>-f ptrtistixk should Ix; of sutiicieni si« to admit of easy access all 
i-rmiA the Klitel : it is built in the same way as a flume, the frames being 
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id strengthened by iron tie-bars in the 
■ertical shaft, an extension of 
the turbine axis, passes up ihrough 
the centre of iht penstock, and is snp- 
purled by bttarers at internals. 

\\'hen pipes are used, the turbine 
need not be at the lowest point of the 
fall : the distharRe, if piped away, and 
not exceeding 25 ft. in vertical height, 
being just as effective as an equal 
height aboil.- the wheel. When the 
fall below the wheel is utilised, the 
suction j)i[te should be carried down 
well below the permanent level of 

■ the water in the tail-race, see Fig. 2. 

If the water is properly screened 
ai the forebay. and sticks and stones 
— -J: thus prevented from catching in the 
L U vaiies, the only part of a vertical tur- 
bine nt.-cding occasional adjustment is 
the bearing supporting the shaft. This 
is either u foot-block, lined with lignum 
vilft, and lubricated by water, or is of 
the susjjension type ; the latter, being 
situated above the wheel, is more 
accessible. 

Figs. 1, 2, and 3 refer to a turbine 
kil ill !■ i|;s. 2 iiiKl y erected on a South African gold-mine- 
Fig. I (drawn to smaller scale than 
i the intake or forebay, and shows the screens and sluice 
[>rid 3 show the general arrangement of the wheel. The 
\\\ type, making joo revolutions a minute, and yielding 
ipply of 3,800 cull. ft. a minute; it is 
I.' lH>lled to the masonry lining of the pit ; 
Iwii ginlirs, built iiilo the niusunry, support the foot of the discharge pipe. 
The Single Vurlcx Hirbine is suited for low or medium falls; in this 
puili-iii the Wilier enters at the outside of the rim, being guided and 
ii-HuliiUtl by ftiiir ailjiislalilo vanes. Ihc discharge is at the side in 
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horizontal wheels, and below when they are placed vertically; owing to 
its large diameter and consequent slow speed it may be used for direct 
driving in pumping and milling. 

The following tables have been kindly supplied by Messrs Gilbert 
Gilkes & Co., Kendal, who are specialists in this class of work, and 
makers of the wheels referred to : — 

Single Vortex Turbines. 



Fall in Feet 



Cub. ft. water per min. 
Revs, per min. 

Cub. ft. water per min. 
Revs, per min. 

Cub. ft. water per min. 
Revs, per min. 

Cub. ft. water per min. 
Revs, per min. 

Cub. ft. water per min. 
Kevs. per min. 



1,765 
45 

3»530 
35 

7,060 
25 



M77 
73 

2.353 
53 

4,706 
39 

9,412 
28 



8 



883 
91 

1,765 
71 

3.530 
52 



10 



706 
118 

1,412 
• 89 

2,824 
66 



12 



7,060 i 5,650 

37 ; 48 

13,240 10,590 

28 36 



3-} .OH.... 

2,353 \ .0 
80 M° " 

4,7061 g^ 
60/ ^ " 



Double Vortex Turbines. 



Fall in Feet . 20 



Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

' Cub. ft. per min. 

I Revs, per min. . 

I 

I Cub. ft. per min. 
Revs, per min. . 

Cob. ft. per min. 
Revs, per min. . 



706 
215 

1,060 
174 

1,412 

158 

1,765 
.145 



30 


40 


47 1 
300 


353 
429 


706 
267 


530 
347 


941 
236 


706 
308 


1,176 
210 


883 
272 


1,412 
210 


1,059 
245 


1,647 
192 


1,235 
245 


• • • 

• • • 


1,412 
245 


• • • 


1,765 
220 



50 60 



282 

544! 

424' 
441 , 

5651 
389 

706 ' 
340! 

847' 
300 

989 I 
300 I 

1,130! 
269, 



235 
600 



353 
526 

471 
425 

588 
425 

706 
372 

824 
331 

942 
331 



1,412 1,176 
269 298 



70 


80 


202 

644 


176 
764 


303 
568 


265 
688 


403 
522 


353 
607 


504 

460 


444 
491 


605 
460 


530 
491 


706 


618 


400 


491 


806 


766 


357 


430 


1,008 


882 


357 


382 



90 



8?o} ^°»-^ 

235 \ ,0 
730 j ^° '» 

392 1 



592 j 



50 






628 \ 
522/ 



80 



784 
405 



} 



,, 



100 



,, 



,, 



,« 



,, 



,, 
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Fig. 4 shows ihe arrangement of ihe Vortex. The water enters the 
outside casing at the top — or in any other position that may be con- 
venient — and passing thence is directed by four (or more) guide blades 
on to the outer circumference of the revolving wheel, which is driven 
round at a velocity depending on the height of the fall. The water, having 
expended its energy in giving molion lo the wheel, is discharged through 
the two central openings, half the amount being carried away by each 
suction pipe. The guide blades, it will be noticed, are movable, i 
turn about on a pivot placed n 




The Double- Vortex consists of two separate single wheels, water b 
received at the outside and discharged on each side at the centre, con- 
sequently they are set horizontally. As the speed is higher than m the 
single wheel, this type is suitable for direct coupling to dynamos ; and it 
is worthy of note that, within limits, they tend lo govern themselves to 
regubrsoei^^l^^^^doadudiniimBhed and the speed increases, the 
ud by the wheel opposes the 
I diminished by increased 
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load, the centrifugal resistance becomes less than normal, giving greater 
facility for entry of water, and tending to increase the wheel's speed. 

In Girard turbines a jet of water acts on only a part of the wheel's 
circumference ; in this way the high speed due to a considerable head of 
water on an ordinary turbine is avoided. As the wheel acts by impulse 
only, all fall below it is sacrificed. The water always passes through the 
wheel, being received on the inside and discharged on the outside ; speed 
is regulated by reducing the number or area of the jets. 

Impact Wheels. — For high falls this form of motor is extensively 
used, and the Pelton is perhaps the most popular example of this very 
simple type. In this particular wheel a jet of water is directed against 
bifurcated cupped buckets attached to the rim ; these buckets divide the 
jet, throwing the water outwards and backwards, clear of the wheel, with 
the result that the momentum of the water is transferred to the wheel 
itself. 

Nozzles of different sizes adapt the same wheel to varying water supply 
or power requirements ; while the speed can be governed automatically, 
either by altering the area of the jet or deflecting the nozzle. 

Normally the jet is directed in a line tangential to the centre of the 
buckets, and the speed of the wheel rim is half the velocity of the jet 
driving it. Impact wheels are suitable for all falls exceeding 50 ft., and 
under given conditions the number of revolutions per minute made by 
the wheel depend on its diameter, the resulting H. P. bearing no propor- 
tion to the wheel's diameter. The larger sizes may be directly connected 
to air compressors and line shafting ; while, in the case of low falls, two 
or more wheels may be mounted on the same axle, each being operated 
by multiple jets, if necessary. 

A reversing motion, suitable for hoisting, is secured by arranging a 
pair of wheels with jets in opposite directions. It is advisable to arrange 
the drive, should it be a heavy one, so that the wheel may attain its speed 
before the load is let on either by clutch or shifting belt. Under a constant 
head of water and a fairly even load the speed is remarkably uniform ; 
while an efficiency of over 90 per cent, is obtainable under favourable 
circumstances. 

The erection of this type of motor presents no difficulty beyond that 
due to ordinary alignment, to be fully described in following chapters ; 
when wheel and nozzle are mounted on a bed-plate they form a self- 
contained machine, easily bolted to foundations. Should they be separate, 
each must be securely anchored, as the pressures due to high fall are 
extremely severe ; and if, through any displacement, the jet no longer 
strikes the centre of the buckets, the efficiency of the wheel is at once 
reduced. 

Where deflecting nozzles are used, provision must be made for receiving 
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the jet when directed off the wheel ; for high pressures masonry is useless, 
and the wheel pit should be of sufficient depth to hold a good body of 
water as a cushion for the jet. 

The wear and tear of the wheel itself is practically nil. Nozzles require 
occasional renewal if the water is gritty, and it is advisable to keep a few 
spare buckets on hand. 

The following examples are taken from gold-mines in various 
countries: — 



Diameter of Wheel 
in Feet. 



6 
6 

5 
1 8^ 



Cub. Ft. Water 
per Minute. 



i8o 

150 
200 
240 

>75 



FaU in Feet. 



254 
270 

90 



415 



Dri^ng 



Forty 750-lb. stamps. 

Forty 850-1!). stamps. 

30- H. P. air compressor. 

290- 1 1. P. air compressor. 
( 80-H.P. air compressor and 
\ 75-ton concentrating mill. 



Fig. 5 represents a Pelton wheel with the housing removed ; it is 
designed to yield 60 H. P. on a 200-ft. fall, the speed being 225 revolutions 
a minute, and the water supplied through 1 1 and 1 2 inch piping. 

In the table given on the next page it may be noted that, at 700-ft. fall, 
each cubic foot of water per minute yields i H.F., and at 350-ft. fall, half 
a horse-power — facts easily remembered and useful in rough calculations. 
As an instance of high fall, a Fclton wheel at the Colmstock mine worked 
under a head of 1,500 ft., and yielded 4^ H.P. on li cub. ft., or about four 
buckets of water a minute. This, however, is by no means the limit. Jets 
under a vertical head of 1,960 ft. are in use, the pressure at the nozzle being 
850 lbs. to the square inch, and the velocity of the jet approaching four 
miles a minute. 
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Pklton Wheel Table. 



Diameter of 
Wheel in Ins. 



»5 



i8 



24 



36 



48 



60 



72 



Fall in Feet - 



' Cub. ft. per niin. 
Revs, per min. 
, Horsepower 

Cub. ft. per min. 
Revs, per min. 
^ Horse-power 



( Cub. ft. per min. 
{ Revs, per min. 
Horse-power 



I 



' Cub. ft. per min. 
Revs, per min. 
^ Horse-power 

Cub. ft. per min. 
Revs, per min. 
Horse-power 

{Cub. ft. per rain. 
Revs, per min. 
Horse-fx>wer 



1 



Cub. ft. per min. 
Revs, per min. 
Horse -powt r 



- 


100 

16 


200 
23 


300 
27 


400 
32 


500 
37 


600 
40 


700 




43 




613 


867 


1,060 


I,22S 


1.370 


1,500 


1,620 




21 


6^ 


Hi 


i8i 


26 


34 


42 




28 


42 


49 


58 


65 


70 


75 




SID 


720 


884 


1,021 


1,142 


1,251 


1.351 




• 4 


iij 


21 


33 


47 


60 


75 




49 


74 


89 


104 


115 


129 


135 




382 


541 


663 


765 


85^ 


938 


1.013 




7 


21 


38 


59 


82 


no 


135 




•13 


166 


205 


238 


266 


287 


310 




255 


360 


440 


510 


571 


625 


675 




16 


47 


87 


135 


190 


245 


3«o 




205 


296 


364 


414 


462 


515 


550 




191 


270 


332 


383 


429 


4*9 


506 




29 


84 


»5S 


235 


3jO 


4|o 


550 




325 


466 


564 


660 


735 


790 


850 




153 


217 


266 


307 


343 


376 


406 




4b 


132 


240 


375 


525 


675 


850 


• 


473 


670 


822 


93* 


1,064 


1,147 


1,250 




127 


181 


221 


255 


285 


312 


337 




67 


190 


350 


535 


760 


980 


1,250 



Gas, Oil, and Petrol Motors. 

All these motors are self-contained, easily erected, require no boiler, use 
fuel which is h'ghter than and more easily handled than coal or wood, and 
require no more skilled attention than an ordinary steam-engine. For 
these reasons they are well adapted for districts where coal and wood are 
scarce, and transport costly ; also for preliminary work, and as auxiliaries 
in mines not possessing a power distribution system. Their weight is 
generally less than that of a steam-engine and boiler of equal power. 
Few gold-mines are so fortunately situated as to be sui)plied with gas, 
but with the adoption of the suction gas system, this type of motor seems 
likely to come into more extensive use. Petrol is not largely used, partly 
on account of the excessive transport charges. Hut all these motors are 
so alike in their action and arrangement that a description of one serves 
for the others also; with unimportant exceptions, they are idl on the four 
cycle principle — that is to say, the |)iston receives only one impulse in 
four strokes. 
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The explosive mixture is admitted to and exhausted from the cylinders 
liy iwo ordinary mushruotn valvts. which are closed by springs, and opened 
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The cycle of movement is as follows : — As the piston recedes from the 
back cover the explosive mixture is drawn in through the inlet valve ; on 
the return stroke the charge is compressed to from 60 to 120 lbs. per square 
inch, and fired as the stroke is completed. The following outward movement 
is the impulse stroke, made under pressure of the exploded gases ; at the 
termination of the stroke the exhaust valve opens, and the return move- 
ment of the piston clears the cylinder for the next charge. The chief 
difference between gas, oil, and petrol motors lies in the way in which the 
explosive charge is prepared. In gas engines the gas is mixed with suffi- 
cient air to form an explosive mixture, after its pressure has been regulated 
by passage through a rubber bag. In engines using oil, the supply is 
atomised, either by a jet of compressed air or by passing through a heated 
vaporiser ; the oil may be kerosine, or the less refined varieties, and is 
usually supplied in the quantity sufficient for each stroke by a pump con- 
trolled by the governor. 

Petrol motors draw their supply through a carburetter, in which the spirit 
is sprayed and automatically mixed with the necessary air. In all these 
motors the explosive charge is fired in one of two ways ; either by a tube 
kept hot by a Bunsen burner, or by an electric spark ; the latter is more 
certain in its action, more easily regulated, and is gradually replacing tube 
ignition. Electricity is supplied either from a primary battery or by an 
accumulator charged at intervals ; during its passage to the spark plug its 
voltage is increased by a transforming coil. It is generally easy to change 
from tube to electric ignition by screwing a spark plug in place of the tube 
and supplying the necessary current of four to six volts. Motors of this 
kind are easily fixed, as they are all self-contained ; but owing to their 
irregular impulses, they need substantial foundations. Starting is usually 
effected by giving the flywheel a few quick turns by hand, only the larger 
sizes being fitted with self-starters. 

Should the cam shaft be removed at any time, care must be taken that 
it is replaced with the same teeth of the wheels in gear ; a tooth on one 
wheel and a space on the other are usually marked for this purpose. If 
these marks cannot be found, the wheels should be so meshed that 
the inlet valve lifts as the piston completes its backward stroke, and the 
exhaust valve just before the forward stroke is finished. Compression is 
the life of the motor, and can be roughly tested by the resistance felt 
when the engine is turned slowly by hand. High compression means 
economy in fuel. 

In the Diesel engine the charge is compressed to 500 lbs. per square 
inch, and the heat generated in compression is sufficient to fire the charge. 
To ensure good compression the piston rings must fit with exactness in their 
grooves, yet be free to expand ; new rings need careful bedding by filing 
and scraping. The valves need an occasional grinding to clear their beats, 
and when resting on their seats their stems should be a thirty-second of 
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an inch clear of the lifting tappets. Free circulation of cooling water 
around the cylinder is necessary, and is usually obtained from a tank, the 
cool supply being drawn from the bottom and returned to the top of the 
tank. The word " cooling " is used in a relative sense only, a constant 
supply of cold water being detrimental ; most motors work best when the 
cooling water is about as hot as the hand can bear. 

Lubrication is another vital point, as all motors of this class need a 
regular supply of suitable oil fed through an automatic lubricator. If the 
oil is unsuitable, or if too much is used, the interior of the motor becomes 
covered with a deposit of burnt oil. Heating of the engine and premature 
ignition will result if this deposit is not cleaned off at intervals ; heating 
may also be caused by too rich an explosive mixture. 

There is nothing mysterious about these motors ; they work regularly 
if the necessary conditions are fulfilled. Provided the lubrication is good, 
and the working parts in proper order, valves and piston tight, the only 
things likely to cause trouble are the mixture and the firing. 

The firing tube may be cracked, may not be high enough, or not a 
bright red heat ; many new tubes split when first put in because they have 
not been thoroughly dried beforehand. Electric firing is easily tested by 
unscrewing the plug and seeing that it sparks when connection is made 
with the coil ; the two sparking points should be ^.^ of an inch apart. 
Again, an accumulation of grease or dirt on the commutator may prevent 
proper contact being made ; it is also necessary to see the liming cor- 
rectly set, so that the firing occurs on the completion of the compression 
stroke. 

Trouble is more likely to be caused by a mixture containing an in- 
correct proportion of gas, known as too weak or too strong a mixture. 
This is tested by altering the air admitted at the air inlet until the result 
is satisfactory. Valve springs need occasional changing or adjustment 
to ensure that the valves close sharply, and none of the charge is lost 
by their tardy movement. Exhaust pipes should be kept clear of timber 
work, and the sound may be muffled by leading the pipe into a perforated 
drum filled with coke or old chain. 



Electricity. 

The following remarks are in no way intended to replace the fuller 
information contained in books devoted to the subject, but no description 
of mining machinery would be complete without reference to this valuable 
medium for transmission and distribution of power. In its wider applica- 
tions electricity must be a special branch of engineering, but its use in 
mining is becoming so general that mining men will find some knowledge 
of its principles absolutely essential. 
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F-iHjiipBj the first step in this direction is a clear conception of a few 
n nw >»niis used in speaking of electric currents ; these are more readily 
imZKr^ODOii when compared with similar terms used for steam and water 



Volt is the unit of electromotive force and corresponds with 
<n*«ii^ or pressure, with the height of the fall in case of water power. 
l"^e voltmeter measures the voltage or strength of a current, just as a 
>t«din ^uge shows the boiler pressure. 



Ampere is the unit of quantity, and corresponds with the 
Attiviinc of water available. Just as equal effects may be produced by large 
.inii ^mall quantities of water falling through unequal heights, so in 
cJcctncity the current may be many amperes at a low voltage, or few 
.Hin-vres at high voltage, yet each may be equal to the other, and may be 
:nuTst'ornied into the other. The Ammeter measures the amperage or 
v^Uiintity of electric current. 

The Watt. — The available power of a waterfall is estimated by two 
factors weight and fall, multiplied together; so the electric current is 
tiKvi^ured by volts multiplied by amperes, the resulting figures being 
t^jnned watts. The watt is therefore a measure of electric power, and 
740 of them are equal to an indicated horse- power. 

Conductors. — Like water, electricity tends to equalise itself and flow 
tf\>w points of greatest pressure ; in doing so, it follows the line of least 
tvsistance, and its passage from point to point is called a current. Sub- 
:iWnoes that offer little resistance are called conductors ; those which are 
s4ich bad conductors that they practically prevent the flow of electricity 
jire known as insulators. Among the former class are the metals ; 
Among the latter, glass and vulcanite. Fhe resistance offered by a con- 
ductor of any given material is in proportion to its length and in inverse 
i^trv>i>ortion to its sectional area. The operation of conveying electricity 
lUAy be compared to the passage of a liquid through a pipe, and we know 
that an increased head is necessary to pass a given quantity of liquid 
through a smaller pipe. 

Circuits. — In practice the conductors take the form of wires, and 
in its passage through them the current forms a circuit. When the lamps 
or motors form connecting links between the two wires, the circuit is 
lulled "parallel"; when they are arranged one after the other on the 
same wire, the arrangement is known as ".series." 

A Dynamo in its simplest form consists of a pair of magnets, and 
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a number of conductors which cut or interrupt the lines of attraction 
between these magnets. In practice, the conductors would be bound 
together into a revolving armature, while the magnets are wound with 
wire to increase their attractive power. The current in the armature 
is collected by brushes, and may be of two different kinds. In the course 
of every revolution each conductor will cut the field between the mag- 
nets in two opposite directions, upwards and downwards. If the current 
generated in each direction is collected separately, the result is an alter- 
nating current. On the other hand, by collecting the current through a 
commutator formed of insulated bars, the brushes can be arranged to take 
up current in one direction only, and be insulated or out of gear when the 
conductor is moving in the opposite direction ; the result in this case is a 
continuous or direct current. 

It must be understood that by reversal of current the dynamo 
becomes a motor, and vice z'ersd. Both machines are alike in all im- 
portant characteristics, and differ only in minor constructional details. 

The Armature of a dynamo or motor consists of a central core 
around which the insulated conductors are arranged. In ring armatures, 
the conductors are wound around a ring. In the more common drum 
armature, the core consists of a number of iron discs, each insulated from 
the others; upon these the conductors are wound in layers, the current 
generated in each coil of conductor being conveyed to the insulated 
commutator, and there collected by the brushes. 

The Mag^nets, of which there may be two or more, usually in pairs, 
are wound with wire so that they may be excited in different ways. 
When the field magnets are ** series " wound they are covered with a few 
turns of large wire conveying all the current generated. The strength of 
the magnets, therefore, varies with the current, and this form of winding is 
suitable for great variations of load. 

Shunt-wound magnets are covered with many turns of fine wire, 
through which a portion of the current is sent, or shunted ; as the small 
wire oflTers considerable resistance, the degree of excitation is practically 
uniform and in inverse proportion to the current generated, being relatively 
weakest when the current is strongest. 

In compound winding both the above systems are used, so that the 
increased strength of the series winding may be balanced by increased 
proportional weakness in the shunt winding, and a uniform output 
maintained. 

Fixing*. — Dynamos and motors may be either directly connected, or 
may receive or deliver power through a belt ; in the latter case they are 
generally mounted on sliding base plates controlled by parallel screws, and 
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in either case a solid foundation is required to absorb vibration. Concrete 
is the best material for the purpose ; small machines may be placed above 
the foundation pit, the anchorage bolts dropped into i)osition, and the 
concrete bedded around them. 

For larger machines the foundation must be laid out with bolt and 
crow holes, as described in engine erection. The machine should stand 
at a convenient and accessible height above the floor, the base-plate being 
accurately levelled and grouted beneath the pure cement. The alignment 
of the machine is described in the chapter dealing with shafting. 

Before starting the machine careful inspection will be made to see that 
none of the wires or connections have been damaged or broken in transit, 
and that it has been thoroughly cleaned of all dust, dirt, chips, and packing 
material. The brushes require setting like the valves of an engine ; for this 
purpose they are mounted on rockers, and two marks made on the com- 
mutator. The armature should be turned until these marks are horizontal, 
and the brushes set in their rockers so that their tips are level with the 
marks. Care must be taken that the brushes are squarely fixed in their 
holders, and l>ear their whole width on the commutator. 

Even when connections are right and contacts clean, new machines may 
fail to excite ; when this happens current must be supplied to the magnets 
from a primary battery or another dynamo. Failure lo excite may also be 
due to insufficient speed. 

Motors at work. — When at work, with the exception of lubrica- 
tion, the brushes and commutators require most attention ; the amount 
of sparking is a fair guide to the adjustment and condition of the 
brushes, and the rockers should be gradually shifted until sparking is 
minimised. 

Sparking may also be caused by too light contact, or insufficient area of 
contact between the brushes and commutator, while too heavy a contact 
results in unnecessary wear. When in good order the commutator looks 
like burnished copper. Roughness or small grooves may be remo\ed by 
a fine file followed by emery cloth used when the machine is revolving ; but 
should the commutator be badly cut, it may be necessary to turn it up by 
using a slide rest temporarily bolted to the bed-plate. 

Before stopping, the speed should be reduced, switches opened, and 
brushes lifted when the machine is nearly at rest. When not in use, it is a 
good plan to keep the machine covered up and protected from oil and dust, 
a very thin layer of this mixture on some parts being liable to cause short 
circuit and serious damage. 

On leaving the dynamo the current passes to the switch-board, to which 
the circuits are connected, and from which they are controlled. Each 
circuit may be provided with a rheostat, to regulate the potential by inter- 
posing resistance, and with fuses which melt and cut off the current in case 
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necessary in denling willi high voltages, such as are used in distance trans- 
mission of power. 

When used for power purposes only, the ihree-phase system is generally 
admitted to lie most suitable, as effecting a considerable saving in con- 
ductors ; but should light and power be required from the same circuit, the 
two-phase system is preferred. 

Electricity is a suitable medium for conveying power to isolated work, 
such as subsidiary shafts, or diamond drills, and may i)e applied wherever 
motive power is needed. As the motor revolves al a high speed it is 
directly connected lo eentrifugal pumps and ventilating fans; bul when 
ihe turning moment of the load is heavy, Hearing is necessiLiled by the 
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small torque applied. This complication is gradually being removed ; irams 
are running in which the gearing is only four to one, while in some cases 
the motor is coupled directly lo the car axle. 

Inevitable losses occur in every transformation of power, and in the use 
of electricity these losses are due to the friction of the machines, resistance 
in machines and conductors, and leakage through imperfect insulation. 
Thus in driving a dynamo by water power, the water motor may develop 
So per cent, of the power applied to it, while the dynamo yields 85 to 90 
per cent, of Ihe power it receives. This percentage is subject to further 
deduction for losses in transmission, and in converting the current into 
useful work at its destination. 

Electric Pumps and Hoists. - Figs, 6, 7, .ind 8 illustrate electric 

motors as supplied to pumpinj; and hoisting by the Sandycroft Foundry, 
Chester, a firm who have t.nken a leading part in the application of 
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electricity to mining purposes. These machines can be arranged either 
for direct or alternating current. The firm in question also make a very 
compact liquid starting switch for three-phase currents. The principal 
features of ihis switch are : absolute freedom from sparking, contacts do 
not require renewal, no evaporation of liquid, cannot be burnt out, and can 
be arranged for pressure up to 550 volts by simply altering the strength of 
the solution. 
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CHAPTER III. 

ENGINE ERECTING, 

Foundations, Setting Out, Material for — Ikying Out and Building Foundations — Erect- 
ing Engines — Lines — Levelling — Aligning the Crank Shaft — Centring Guides and 
Cylinders — Placing Engine on Centres — Assembling — Valve Setting — Jointing — 
Adding a Second Side — Adding a Second Cylinder in Tandem Position. 

Foundations. — In building foundations the main objects in view are — 

1. To form an unyielding bed for the support of the machinery. 

2. Ilo absorb vibration. 

3. To resist the pull when power is transmitted beyond the base of 
the engine, as is the case in pumping, winding, and driving by ropes and 
belts. 

In erecting, not only must the various parts be correctly assembled, but 
the whole machine must be correctly placed with regard to the direction in 
which power is to be delivered. This direction corresponds with the 
datum line from which the work is laid out, and should be fixed with such 
permanency that reference to it is possible until the work is completed. 
Details may differ with the size, shape, and purpose of the motor ; but the 
principles involved remain unaltered. For the purpose of illustrating these 
principles it will be sufficient to describe the erection of a pair of Corliss 
engines, as this pattern is made in three trunk pieces and presents perhaps 
more difficulty than the ordinary engine mounted on a bed-plate. 

Assuming that the engines have to be connected with a mine shaft, 
the first requisite will be a base line, connecting the two, from which the 
work will be laid out. This line is easily obtained by the help of a 
theodolite, set up on and squared with the collar of the shaft ; the exact 
station of the instrument will depend on the purpose for which the engine 
is to be used. If for winding, it is set up in the centre of the winding 
compartment, or midway between them if there are two compartments. 
In setting out for a pumping engine, the theodolite is fixed at the same 
distance from the end of the shaft as the centre of the pump rods will be. 
It is not always safe to assume that the collar is square with the shaft 
itself, and a small error on so short a base is magnified when the line is 
extended one or two hundred feet. Plumb lines may be dropped down 
the shaft to guard against error from this cause. 

In incline shafts a sight may be taken to a candle, placed a hundred 
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feet or so down the shaft, and the same distance from the end of the shaft 
as the instrument is set ; the reversal of the telescope, if the theodolite is 
level, will give the required direction. The line so obtained will be the 
direction required, and may, or may not, correspond with the centre of the 
engine to be erected ; it will be so if the engine is direct-acting, and will 
not be should gearing intervene between the engine and the pumping 
shaft or winding drums. 

In order that this direction, or datum line, may be preserved for 
reference, a stout post is fixed in the ground, at least lo ft. nearer the 
shaft than the proposed excavation, and another at least lo ft. farther away. 
The tops of these posts being sawn off level, a nail is inserted in each by 
an assistant, who holds it exactly in line with the centre web of the tele- 
scope. A fine line or piano wire, stretched between these nails, will 
coincide with the direction given by the theodolite. 

The theodolite may be considered almost a luxury. It is, of course, 
possible to dispense with it and to obtain the line from bobs, hung at the 
collar and carefully squared with the shaft itself. From a position well 
behind the plumb lines, sight should be taken along them, while an 
assistant adjusts the posts and nails in position. This method is preferable 
to any attempt at projecting so short a base by stretched whipcord, which, 
in exposed places, is liable to deflection and vibration through wind 
pressure. 

Alignment being secured and the requisite distance measured off, the 
site of the excavation may be pegged out, allowance being made for any 
difference between the centre common to the pair of engines and the 
datum line. Let the excavation be at least 2 ft. greater on each side than 
the measurement of the masonry to be built. 

The sides and ends of the pit will be lines either parallel with the 
original datum, or at right angles to it ; those at right angles are set off by 
a square with sides at least 4 ft. long, by theodolite or optical square, or by 
application of Prop. 47, Euclid i. In the latter case the lengths 3 and 4 
may be taken as bases and 5 as the tie line ; any multiple of these numbers 
does equally well. 

The excavation will be carried down to firm picking ground, preferably 
rock or gravel. When a firm bottom cannot be reached within reasonable 
depth, it may be necessary to extend the dimensions of the pit, so that the 
weight is distributed over a large area ; in bad cases piles may be required. 

Materials for Foundations. — As building stone can generally be 
obtained near at hand, most likely from the mine dump, foundations or 
" loadings " are usually built of stone, though concrete is used where 
skilled labour is scarce, and is equally effective. 

In some countries, where lime and cement are practically unobtainable, 
timber frames, or " horses," are laid on bearers in the foundation pit, and 

c 
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filled around wiih rock. No matter how well fitted or braced these frames 
may be, play is always liable to develop in the joints. Under such 
circumstances, perhaps, the soundest timber foundation is made of a crib 
work of heavy squared logs forming a box ; bearers are provided below for 
anchorage of foundation bolls, and above to carry the engine. The bolts 
pass right through from top to l>ottom, binding the whole together, and the 
interior is filled with stone broken to the size of road metal. 

Foundations of this kind have been successfully used in the gold-mines 
of Venezuela, 

Lapng out Masoniy. — If masonry is to be used, the pit is first 

levelled up by a paving course, or by concrete filling ; pointed plumb bobs 

are suspended from a wire stretched between the datum points, and that 

line transferred to the bottom of the pit. The ends of a straight-edge are 

brought to coincide with the 



1 I 




bobs, and the 
I 1 in damp mortar by a 
I trowel. 

rom this, it is easy to 
„t ,.f parallel lines indicat- 
ing the centre of each 
engine and the width of the 
masonry blocks ; a line at 
right angles to these, and at 
the correct measured dis- 
tance from the mine shaft 
will be the centre of the 
crank shaft, and it should 
be fixed for reference, as all 
longitudinal measurements 
Fig. 9. —Concrete Sole-plaie. are made from it. Across 

each block of masonry are 
marked the spaces for the crow holes, their sides being parallel with the 
crank shaft line, and each being the correct distance from that line. 

Footings— The first or footing course may now be laid and carried 
up level with the tops of the crow holes, usually 1 2 or 1 5 in. ; above this, 
the masonry is often set back on each side, the object of the extended 
footing course being to distribute the weight. 

Sole-Plates.— These arc the anchorage blocks through which the 
holding-down bolts pass, and must now be put in place. They may be 
slabs of stone with holes drilled through them, or blocks of concrete made 
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in rough timber moulds, the holes being cored out and a shallow recess 
left around each hole to take the foot of the pi|>e. When bolls are spaced 
closely together, it is often advisable to anchor two or more of them to the 
same slab. 

Fig 9 shows a concrete sole-plate : the section illustrates the depres- 
sions left around the bolt holes to receive the pipes, while the plan shows 
these pipes in position. 




—Plan of Enpii 



iliiig- 



The masonry has now reached the stage illustrated on the right-hand 
side of Fig. lo, and we now require to reproduce the centre lines at a 
height not much above the tops of the sole-plates; ordinary whipcord 
answers very well for this purpose. In Fig. ro the line a n is the common 
centre of the engines, the datum from which all transverse measurements 
are made ; it is either the original <latum line or one parallel with it. 
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The line k l is the centre of the crank shaft, and from it all longi- 
tudinal measurements are made. We will assume that the first pair of 
holding-down bolts for the main bearings are each 2 ft. from the crank 
shaft centre, and 5 ft. distant from the common centre of the pair of 
engines. 

On a staff with at least one edge truly planed, pencil marks are made 
at o, 5, and 10 ft. ; it is then placed so that the 5-ft. mark corresponds with 
the centre line a n, and its planed edge is parallel with and 2 ft. distant 
from the crank shaft line K l. The sole-plates are now brought into 
position until the centres of their holes correspond with the pencil marks 
on the staff, care being taken that the latter is replaced in its original 
position should it be shifted by the movement of the sole-plates. Fig. 10 
shows two sole-plcites for the right-hand cylinder in position. 

In this manner, proceeding from the crank to the cylinder end, the 
sole-plates are separately brought into place, the right and left hand sides 
being adjusted by one measurement made from the common centre a b ; 
while the longitudinal distances are all referred to the crank shaft line K L. 
Should there be any doubt about the accuracy of the work, it may be 
checked by a wooden template made from the engine bed, but this is 
not necessary. 

The masonry may now be carried up another course, level with the 
tops of the sole-plates. 

The timber pipes, through which the holding down bolts pass, are 
about 3 in. square inside, 4 in. square outside, and of sufficient height 
to reach to the top of the loading, less the depth of the cap stones. Their 
feet rest in the depressions made for them, keeping them concentnc 
with the bolt holes ; when the sole-plates are stone slabs, care must 
be taken that the masons do not shift these pipes in building the first 
course or two. 

When the feet of the pipes are steadied by a course of masonry, their 
upper ends must be braced in both directions, that they may not be 
deflected from the vertical during the building of the loading. Narrow 
strips of boarding, about 2 by j in., are used for this purpose; on each 
strip is marked the exact distance apart of two or more holding-down 
bolts, and a wire nail driven just through the strip at each mark. Having 
pencil-marked the centre of the pipes near their upper ends, apply the 
strip so that the nail |)oints correspond with the marks, and nail fast. In 
large work strips are advisable on each side of the pipes. 

The line of pipes, being thus correctly spaced, must now be secured 
in a vertical position by struts at each end of the loading. In the same 
manner the different rows are spaced crossways, and strutted to the 
sides of the pit ; here again the acc:uracy may be checked by template if 
desired. 

¥'\g. 1 1 shows the vith two pipes in position on the left or 
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sectional part of the illustration ; this figure is reproduced at rather 
smaller scale than Fig. lo. 

Building^. — As the work of building proceeds, the levels must be 
checked from time to time, that recesses may be left where required for 
pipes, brake beams, dash pots, or crank pins. When concrete is being 
used, wooden moulds of these recesses are prepared ; in large masses of 
concrete it is economical to introduce blocks of stone, or " plums," into 
the body of the work. Isach block should be thoroughly cleaned and 
roughly dressed, to ensure the adherence of the concrete bedding. 

In ashlar facing the stones comprising each course should be, as 
far as possible, of one height ; the vertical joints should be square with 
the course, and fall on the centre of the stones below. In any case, a 
continuous line of vertical 
jointing should be avoided. ^ 

Bond stones, introduced C 

at intervals, ser\'e to tie the - K- 
face to the body of the work ; 
and as the face of each 
course is completed, the in- 
terior is filled with well- 
bedded stone set in mortar, 
and the whole course flushed 
level with chips and mortar. 

The tie-pieces between 
the pipes are removed as the 
work advances, and a set 
back is usually left at the 
floor level of the engine- 
house ; the cap stones, either dressed stone or concrete, and provided with 
holes for the bolts, must be carefully bedded and levelled ; they are almost 
counterparts of the sole-plates appearing in Figs. lo and ii. For small 
work a wooden frame is sometimes substituted for cap stones. Finally, the 
masonry should be allowed time to harden and settle before any machinery 
is placed on it. 

The Eng^ine. — The following remarks apply equally to every class of 
engine, and, granted good design, sound material and workmanship, the 
life and duty of the engine depend on the accuracy with which lis erection 
is performed. Unfortunately, this work is sometimes undertaken by men 
who have no experience to guide them, and do not realise the |)rinciples 
involved. 'I'he author has seen horizontal condensers disconnected, being 
so much out of line that air-pump rods only lasted a few months ; tandem 
compounds with the low-pressure cylinders disconnected for the same 
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Fig. II. — Cross-section of Loading. 
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reason ; connecting rods heated and bent in endeavour to bring the big 
ends into line with the crank pins; to say nothing of a mill engine that 
would not run without its load on less than 40 lbs. of steam, and was fed 
for days with a mixture of sand and water in vain attempt to grind the 
bearings into alignment. 

In engine erecting accuracy does not mean something that can be 
measured with a 2-ft. rule, but a few thousandths of an inch measurement 
only to be obtained by the careful gauging of a trained hand. 

When the top of the loading is some height above the ground, the 
various parts of the engine may be raised into position in several ways. 
Hejivy and unwieldy pieces, such as bed-plates, may be hauled up an 
inclined plane built at the end of the loading ; pieces of awkward shape, 
as cylinders and condensers, may be mounted on skids and fed with rollers. 
Usually all parts can be dealt with one or more pairs of shear legs, which, 
when properly controlled by block and fall guys, can be swayed a con- 
siderable distance on each side of the vertical, thus covering a much larger 
area than a fixed tripod. When the walls of the engine-house are already 
built, the hoisting gear may be suspended from cross beams resting on 
temporary wall-plates, to distribute the weight and protect the walls from 
injury. 

Assuming the different main parts of the engines to be resting on the 
loading, the main bearings, cylinders, and guides are roughly in their 
respective positions, and their bolt holes corresponding with those in the 
cap stones ; bolt these parts together, and place the crank shaft in its 
bearings. 

In addition to the ordinary gear and tackle, the following tools will be 
required : — A fine silk line or coil of piano wire ; a brass level with ground 
bubble ; two plumb bobs with silk or thread lines ; a staff planed true and 
parallel throughout its length ; about thirty wrought-iron wedges, each about 
2 in. wide by 6 in. long, § thick at the butt, and tapering to the point. 

Settings Lines. — Whether the engine is to be in line with some 
particular point in the mine shaft or parallel with an existing run of mill 
shafting, the line to which it must conform will be that laid down when 
the work was begun. This line must now be reproduced by a wire stretched 
the full length of the loading, and as near the centre of the engine as the 
diameter of the crank shaft permits. Accuracy is attained by plumbing 
from this wire to one stretched between the permanent datum marks 
below, the upper wire being shifted until their alignment agrees. The line 
thus placed will be a u in Fig. 10 ; two other lines c n and e e, 
parallel with a b, will be recjuired to represent the respective engine 
centres. But as these intersect the paths of the crank pins and prevent 
the shaft from being rotat' * he advisable to put up only one at 
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Too much care cannot be exercised in correctly placing these wires, as 
all measurements about the engine will be referred to them. Perhaps the 
most convenient plan is to fix a stout plank at each end of the loading, and, 
wiih the help of a spirit-level, make a horizontal mark across each plank at 
the same height above the cap stones as the engine centre. Measuring 
from the common centre of the engines with a staff correctly marked, 
lay off on these lines the correct distance of each engine from the 
common centre, and bore i^-in. holes through the planks at the points of 
intersection. 

The wire is now reeved through the guides, cylinders, and condenser, 
passed through the holes in the planks, made fast at one end to a piece of 
round iron, while the other end terminates in a |-in. straining bolt to take 




Fig. 12. — Longitudinal View of Loading, showing Centre Wire. 

up the sag. If the work has been correctly done the wires will he in their 
proper pK)sitions when in the centres of the holes in the planks ; but this is 
not likely, and the levels and horizontal distances are alternately adjusted 
until their positions are correct. 

This final adjustment is rendered easier when the planks are firmly 
fixed and the holes bored at the proper level. 



Levelling^. — The main bearings are levelled with a spirit-level placed 
on the flywheel keyseat, or any parallel part of the shaft. The bearing to 
be raised should be lifted with the point of a crowbar resting on a [)iece of 
flat iron, wedges being driven only for final adjustment. These wedges 
are inserted at the front and back of the bearing, two at each end ; folding 
wedges may be used should one not be thick enough. 
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The accuracy of the levelling may be checked by a plumb line susp>ended 
from a point above, so that it shall hang near the crank face. With the 
crank in its highest position make a mark in its face near the circumference, 
and measure from the mark to the plumb line. Now turn the shaft until 

the mark is in its lowest position and again measure 
C to the line. If both measurements are identical, the 

shaft is level. It is immaterial how much the crank 
face is out of truth provided the measurements are 
made to the same point. Should there be any end 
play in the bearings, eliminate it by pushing the shaft 
hard over to the right or left each time a measure- 
ment is taken. 

This plumbing is only necessary when the level 

cannot be relied on, and should be avoided if pos- 

^ J sible, as it is likely to interfere with the centre line. 

Lining the Crank Shaft.— The shaft, being 
levelled, may now be squared with the centre line ; 
but first it is necessary to see that the line intersects 
the centre of the crank pin bearing. Should it not 

do so, the crank must 
be adjusted on the 
shaft, or the whole shaft 
moved to the right or 
left. The crank being 
at one end of the stroke, 
the distance from the 
centre line to one side 
of the crank pin bearing 
is carefully gauged (see o. Fig. 13). The crank is 
now turned to the opposite end of the stroke, as 
nearly as the wire permits, and the same measure- 
ment made (p, Fig. 13). If these two measures 
agree, the shaft is square ; if not, the opposite bear- 
ing must be jacked forward or backward until the 
measurements at each end of the stroke are identical. 
Care must be taken to eliminate any end play that 
may exist by pushing the shaft hard over to one side 
or the other. The shaft is now both level and 
square. Tighten the foundation bolts on the main bearings, and connect 
the guide trunks and cylinders. 






4.J' — 





Fig. 13.— 
Squaring Crank Shaft. 
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Fixing Guides and Cvl infers. —These are located by gauging 
from their interior machio' the centre wire, the best gauge for 
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the purpose being an ordinary piece of soft deal, about the size of a lead 
pencil, with a pin pushed into each end. Lift the cylinder by wedges 
inserted at the front and back, until the distance from the wire to the 
bottom of the stuffing box bore is the same as it is to the top. Adjust the 
back of the cylinder also on wedges until that end too is centred on the 
wire. Next adjust the cylinder horizontally, moving it to the right or left 
as required. Check the vertical and horizontal measurements alternately, 
as movement in one direction may disturb the other, and shifting the front 
end will alter the back. 

Occasionally test the cylinders to see that one side is not higher than 
the other ; this is done by a spirit-level placed on the valve box or any 
flat machined surface. The level may also be tried in the bore to guard 
against possible sag in the wire. 

All these adjustments have to be gone over several times until the 
cylinder is in place, and the gauge, when placed in the bore at 3, 6, 9, 
or 1 2 o'clock, lightly touches the line when the free end is swept past it. 
In exactly the same way any other cylinders or air-pump barrels are aligned 
with the centre wire, the distance pieces being first inserted between them. 

If the guides are bored out they may be centred, in the same way as 
the cylinders, by gauging from the machined, surfaces. When planed there 
may be a slight difference between the top and bottom measurements, but 
this is immaterial, as it is allowed for in planing the cross-head and slippers. 
In any case both top and bottom guide surfaces must be parallel with 
the line. 

Planed guides are adjusted to the centre line by their flats and edges, 
while a sheet-iron template is used should they be V section. The re- 
maining foundation bolts may now be dropped into position and tightened 
with an ordinary spanner to a solid bearing : see that the rounded end 
only of the bolt projects above the nut, when halfa-dozen threads come 
through it shows slovenly work. Check all measurements again to make 
sure nothing has sprung or shifted during tightening. 

Beddings the Frames. — The feet on which the engine rests may 
now be a quarter of an inch or so above the cap stones, and it is necessary 
to fill this space so that the feet bear evenly over their whole surface : 
this may be done in several ways. 

When the interval is a quarter of an inch or less, lute around the out- 
side with clay, block up the foundation bolt holes with waste, and lute 
or grout the joint with neat Portland cement. 

When the space exceeds a quarter of an inch, use thicker cement 
mixed with an equal quantity of sand ; or a rust joint may be made, but 
must not be caulked, only tamped into position with a piece of thin board. 
In both these operations men must work opposite each other, the space 
being first filled at the centre and finished at the outside. Alternative 
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planR arc lo Rll with melted sulphur, or with parallel strips of hard wood : 
wedges must not be used, tach slip is planed to fit the part of the oiieniiig 
it has to fill, and li};lil]y iap))cd, not driven, into position. 

Foundation Bolts. — Whim this joint has sot, the Iwlts should Ik; 
again screwed up, this time with a long-handled spanner, or one which 
lias been lengthened by a piece of |H[)e slip|)ed over its end; ihey will 
need a final screwing after the engine has worked a day or two. Nothing 
is gained by filling around the foundation bolts with concrete or cement, 
by reducing the siie of the pi]>es through which these bolts pass, or by 
dropping them through the bed-plate and building around them. Such 
arrangements might l)e l>enelicial if the bolls were subject lo any shearina 
strain, but they are not: all the strain is tensile: and no matter how 
carefully the work was laid out, the extra half-inch around the bolt may 
tie of the greatest use in the final adjustments. 

Two and a half incht's square inside is the smallest size advisable for 
ihese pipes, and answers for engines up to 14-in. Ixire ; from 14-in. to 
!4-in. Ixire 3-in. pi|xs may be uscti, .and from J4-in. to 48-in., 4-in. pipes: 
while the 3-in. holts of an Soin. pumping engine will |iass through 6 in. 
pipi-s. 

.\11 main parts of the engine being now correctly placed, the centre 
wires may l)e removed after a final ehi.'cking of levels and measureinenls. 
It should l>e ooteil that the principles inilit ated are adapted to all classes 
of horizontal engines, and that the wires from which the work has been 
aligned are but reproductions of the centre lines laid down by the draughts- 
man when ho bi'gan the design. 

.-\ horizontal engine mounted on a Itcd-plate pn-sents even K-ss difficulty, 
and alignment is secured in exactly the same way. by the path of the 
crank and the bore of the olinder. 

AssembUnff. — The pistons, after l>eing thoroughly cleaned, may be 
placed in the cylinders : see that the spring rings arx' free to move and 
correctly seL The rods may be passed through the covers and joint rings 
and secured to the [HStons, screwing hard up and staking over the last thread. 
Fit on the crassJienl and keep the C)-lindcr cotvrs in position with a 
touple ijf •l[ll^. N. .\i iiusii the l^l^^^>n up .ig.un-t ilif ir inland back covers, 
inarkii'j ; ■•. the cxtrvme travel of the clipper on the guide : 

ihc^' r. : ihe clearance remaining as wear takes place in 

ihebi-atiit,.. 

A in position ; shiKitd it be in one piece 

W its ixwitton on the sluft has been marked. 

I to d>e pit while the upfx^^r port is supported 

"~^ ■ Ihe fAuth through, lower into its 

aima ami key ^p. 
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Wheels made in two or more pieces will be held together by bolts in 
the rim and bands shrunk around the hub ; in this case assemble as before, 
the lower parts being blocked up in the pit. 

Bolt the sections together, and enter the key a few inches to ensure 
the alignment of the key ways, as it may be imp>ossible to move the wheel 
after the bands have shrunk. With the appliances usually found on a 
mine the bands cannot be heated after they are on the shaft ; and if they 
will not pass over the cranks they must be heated and held over or around 
the shaft while the latter is passed through the wheel. Verify the position 
of the wheel on the shaft before shrinkage takes place. The bolts in the 
rim may now be removed and their shanks heated to a dull red before 




Fig. 14. — Placing Engine on Dead Centres. 



being finally screwed up ; to avoid distortion of the wheel alternate bolts 
from the right and left hand sides should be tightened, as in making a 
joint 

Finally, tighten the key, and see that any eccentrics or governor pulleys 
are in position before dropping the shaft back into its bearings. The 
connecting rods should now be put on. 

Dead Centres. — There are, of course, many ways of setting an engine 
on its centres, but the following plan is so easy and so accurate that it 
should be more generally used. It applies equally to engines set hori- 
tonUMft vertically, or at any angle ; and when the marks have been made, 
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the connecting rods may be removed and the operation of valve settmg 
performed by turning the shaft only. 

1. At any convenient point in the circumference of the flywheel or 
belt pulley fix a piece of plank with top edge planed ; the plank 
must be close to the wheel, but the latter must revolve freely without 
touching it. 

2. Turn the engine round until it is near the end of the stroke, exact 
position quite immaterial ; scribe a line across the edge of the guide and 
slipper, and another line from the top edge of the plank on to the surface 
of the wheel. 

3. Turn the engine in the same direction as before until the crank has 
passed the dead centre, and the marks on guide and slipper again coincide. 
Scribe from the plank to the wheel, as before. 

4. Bisect the distance between the two scribed marks on the wheel, 
and turn the shaft until the point of bisection is opposite the scriber on 
the plank. The engine is now on dead centre. 

This is repeated at the opposite end of the stroke, and the connecting 
rods can be taken off, since the engine will always be on centre when the 
points of bisection correspond with the scriber point. Both ends of the 
stroke may be scribed from the same plank surface. 

Valve-Setting". — Among the advantages claimed for Corliss valves 
are a sharper cut-off, less clearance, less friction, less condensation owing 
to separate valves for steam and exhaust, and better drainage of the 
cylinder. They cannot, however, be set in the same way as slide valves, 
since, when in position, neither their leading edges nor the ports they 
cover are visible. Before inserting each valve in its box, place a straight- 
edge along its leading edge, and scribe a continuation of that line on its 
outer surface. The edges of the steam and exhaust ports must be marked 
in the same way. 

Fasten a weight to each end of a line, and hang it over, or suspend it 
from, the wrist pin on which the eccentric rod works. Measure from the 
front part of the line to the front exhaust pin, and from the back part of 
the line to the back exhaust pin, turning the wrist plate until these 
distances are equal. This plate is now in the centre of its stroke, and if 
the steam valves are coupled up by their rods the marks made on their 
faces should indicate equal lap over each port. Should these laps not be 
equal, make sure that the wrist plate has not altered its position before 
adjusting the lengths of the valve rods. On a 25-in. cylinder the steam 
valves will have about five-sixteenths of an inch lap, the exhaust valves half 
this amount 

ocentric bolt on the strap and rod, and place 

' fixed, as nearly as possible, level 
Scribe a mark on the eye or 
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joint at the end of the rod, turn the engine round and mark on the plank 
the two extreme limits of the path travelled by this scribed mark. The 
distance so marked is the stroke of the eccentric ; bisect it, and bring the 
mark on the rod to coincide with the point of bisection ; the eccentric is 
now in the centre of its stroke. In this position the eye of the rod should 
engage with its pin on the wrist plate ; if not, see that the plate has not 
moved from its central position before lengthening or shortening the rod 
to make it engage with the pin. The lead of the valves will be equal if 
the eccentric is correctly placed in relation to the crank ; it may be checked 
by turning the engine slowly round, and marking on the guides the position 
of the cross-head at the moment the valves trip. The trip, or release, of 
both valves should take place when the piston is the same distance from 
the end of its stroke. If necessary, it may be adjusted by altering the 
length of one of the valve rods, equal lead being even more important than 
equal lap. The exhaust valves are set in the same way, and the dash pots 
connected after having ascertained that the length of their rods will allow 
sufficient clearance at both ends of their strokes. 

Setting^ Slide Valves. — Before leaving this part of the subject it 
may be advisable to describe briefly the setting of ordinary slide valves, 
such as are used in a pair of winding engines, fitted with reversing gear. 
Although differing entirely in shape from the Corliss, the slide valve per- 
forms the same duty, that is to say, it determines the points at which steam 
is admitted to, cut off from and released from the cylinder, with relation 
to the (X)sition of the piston in its stroke. 

The exact point of steam admission to the cylinder depends on the 
lead of the valve, lead being the width of steam port uncovered by the 
valve when the crank is on dead centre. 

The point in the piston stroke at which steam is cut off depends mostly 
on the lap ; in other words, the amount by which the exterior of the valve 
overlaps the steam ports. 

The amount of lap is fixed in any particular engine, since it depends 
on the relative dimensions of the valve and ports ; the lead is not fixed by 
any proportion of parts, but depends on the angular advance of the eccentric 
in front of the crank. 

Yet the two, lap and lead, are so intimately connected that neither can 
be altered without disarranging the other. If lap is taken off a valve, the 
eccentric must be placed further ahead of the crank to maintain the same 
lead ; and should the eccentric and amount of lead be altered, the point 
of exhaust cannot remain unchanged. The stroke of the slide valve in any 
ordinary engine is equal to twice the width of one steam port added to the 
amount of lap. 

The angle at which the eccentric stands in advance of the crank is 
equal to 90" plus an advance equal to the lap and lead of the valve ; if 



46 



GOLD MINING MACHINERY. 



these two factors did not exist, the amount of advance would be exactly a 
quarter of a revolution. 

In practice, the position of Ihe eccentric is fixed by that of its keyway 
on the shaft, and this is usually cut before the engine leaves Ihe maker's 
hands. In case this keyway has not been cut, its position may be 
determined by trial, or by a diagram, preferably drawn full size, on the 
lines indicated in Fig. 15. 

I-et M N be a line joining the centre of the shaft to that of ihe crank 
pin ; at any point near one end of it erect a perpendicular s t, and from 
the same point draw a circle h c v equal to the travel of the slide valve, 
and a circle 1; f G representing the shaft. On the side of s t remote from 
the crank pin draw the line a a parallel to s t, and distant from it the 
amount of lap and lead of the slide valve. This line intersects the circle 




Fig. 15.— Diagram for finding 1'. 



n of Eccentric Keyways. 



li C D at the points u and c. Draw lines joining these points to the centre 
of the circle ; extend these lines to the circle k f n, and the points of 
intersection k and F will be the centres of the keyways for the forward 
and backward eccentrics respectively. 

It is somewhat difficult to transfer to the shaft the positions determined 
by the diagram, and on the whole, perhaps the ordinary method of trial 
and enor is preferable ; the procedure is as follows : — 

First, by the help of a sejuare placed against the cylinder face, scribe 
lines on the valve chest so that the position of the steam ports may be 
known when they are covered by the valve. Place the valve on the 
cylinder face; connect it to its spindle, lost motion between valve and 
spindle being carefully avoided ; connect spindle and slot link together. 
Slide the eccentric alon^ the shaft until the end of its rod engages easily 
with the slot link ; connect, and adjust the reversing lever until the rtxl 
end is level with the valve spindle. Revolve the eccentric in either 
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direction, marking the extreme travel of the valve towards the front of the 
valve chest, and measure the amount by which it overlaps the steam port ; 
let us assume this to be 2 J in. 

Again revolving the eccentric, mark the limit of valve travel at the 
opposite end of the stroke and measure the lap over the port ; here it may 
be only 2 in. Therefore the distance between the centre of the eccentric 
and the centre of the valve travel is too great or too little by 2 inch, 
and cither the rod or the valve spindle must be altered by an amount 
equal to half the difference in the measurements. When the excess is at 
the crank end the rod must be lengthened ; should the excess be at the 
opposite end the rod requires shortening. The length of the four eccen- 
tric rods may all be certified in this manner, and it is advisable to do it 
whether the position of the eccentrics on the shaft is known or not. By 
doing so, one possible cause of error— difference in length of rods — is 
removed ; and it only remains to place the eccentrics on the shaft in 
correct relation to the crank. 

The engine must first be centred. The operation has already been 
described, and illustrated in Fig. 14, in which d is the mark scribed on 
cross-head and guides, and a the mark made on the rim of the wheel with 
the crank in position i. The engine being turned in the direction indicated 
by the arrow, passes the dead centre, and the marks at n again coincide 
on the return stroke; the crank is now in position 2, and mark a has 
gone round to a i. A fresh mark is now made at a, the distance between 
A and A I bisected at b o ; the engine is turned until b o coincides with 
a, and is then on its dead centre. 

With the engine in this position throw the reversing lever alternately 
into forward and backward position, adjusting and temporarily fixing the 
eccentrics on the shaft when the steam port shows the desired amount of 
lead. Turn the engine to the opposite centre, and note if the lead is 
equal, shifting the eccentric, if necessar>', by an amount ecjual to half the 
difference. The position of each eccentric is found in this way ; they 
muU stand on the shaft so that their rods work in pairs,. the two attached 
to the upper or lower ends of the slot links being either for forward or 
backward motion of the engine. The keyseats may now be scribed on 
the shaft from the ways cut in the eccentrics. 

The reversing sector is notched by raising or lowering the links until a 
pair of rods are opi>osite the valve spindle joint; rotate the engine to see 
that there is sufficient clearance at the ends of the links, and mark the 
position of the reversing lever on the sector. The process is repeated 
irith the other pair of rods engaged. Midway between these extreme 
marks €m the sector is the neutral point, and the interval on each side may 
be subdivided as desired. 

When nuts are used to secure the slide valve to the spindle, they 
should be tightened hard against each other, but must not bind the 
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of this nail now lies in the plane of the centre of the crank pin, and at each 
revolution describes a circle truly at right angles to the axis of the shaft. A 
wire placed level with the centre of the shaft, and touched twice by the nail 
each time the shaft makes a revolution, will be the correct centre of the new 
engine ; and from it the loading may be laid out and engine centred. 

2. In cases of engine extension or conversion it is sometimes necessary 
to add a horizontal cylinder or air-pump barrel in line with the existing 
engine. The new cylinder cannot be centred from anything so liable to 
deflection as an extended piston rod ; a wire must be reeved completely 
through the engine as already described. 

If the engine is placed on centre and the wire made fast to the middle 
of the crank pin bearing it will be very near its true position, and can be 
certified by gauging from the stuffing-box ; do not gauge from the gland, 
which is subject to wear, but from the counterbore of the stuffing-box itself. 
The opposite end of the line is centred by gauging from the counterbore of 
the cylinder already in position. levels may be checked by a straight-edge 
held truly on the bore of the smaller cylinder ; gauge the difference be- 
tween the stafT and the bore of the larger cylinder, and see that this distance 
is everywhere half the difference in diameter between the two cylinders. 
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CHAPTER IV. 

BOILERS. 

Requirements — Power of Boilers — Vertical Boilers— Cochran Boilers, Particulars of— 
Cornish and Lancashire Patterns — Setting and Placing in Position — Multitubular — 
Water-tube — Balx:f>ck & Wilcox Boilers. 

The duty of the boiler is to evaporate water economically ; and since it, 
not the engine, is the real generator of power, the pattern installed on any 
mine should be carefully chosen with a view to prevailing local conditions. 
Among the factors which influence this selection the following may be 
mentioned as of most importance. 

1. The probable permanency of the work; types requiring masonry 
settings being unsuited for temporary purposes. 

2. Transport, its cost and facilities ; a factor affecting the type as well 
as governing the weight limit of each unit. 

3. The quality of the fuel and feed water ; the former often determining 
whether the boiler shall be internally or externally fired, while on the latter 
depends the facilities demanded for cleaning. 

4. The quality of labour available, some boilers being safer than others 
in unskilled hands. 

5. The evaporative power required, or the grate and heating surface. 

6. The demand for steam, whether regular or irregular. 

Vertical Boilers. — In the early stages of prospecting and develop- 
ment, and for isolated work such as diamond drilling, the vertical boiler 
is very useful ; owing to the entire absence of masonry setting it is easily 
and cheaply erected, in fact the operation may be performed in a few hours. 
On account of their cylindrical shape, they are easily transported over rough 
ground, by rolling on skids, after the mountings have been taken off; at 
the proposed site no preparation is needed, except a hard and level bed on 
which the boiler may stand. 

Among the disadvantages common to the type is the small size of the 
internal firebox ; on this account wood fuel has to be cut to less than stan- 
dard sizes, at additional cost. Being seldom jacketed or protected in any 
way from the weather, they cannot be considered economical ; many tests 
made under ordinary w *ons, when supplying steam to hori- 
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zontal non-condensing engines, show a consumption of from 9 to 12 lbs. of 
hard wood per i H.P. per hour. 

Boilers are rated by their evaporative power. The term " Horse- 
Power " is inapplicable, since the duty 
of the boiler is completed when the 
water has been evaporated with a mini- 
mum expenditure of fuel. The power 
afterwards obtained from the evapo- 
rated water depends on the efficiency 
of the motor ; some engines yield a 
horse-power on 12 lbs. of steam per 
hour, while many direct-acting pumps 
require 300 lbs. Non-condensing 
engines are averaged at a consumption 
of 30 lbs. of feed water per hour, and 
the evaporation of this quantity is 
known as a boiler horse-power. In 
vertical boilers this will be effected by 
4 to 5 lbs. of coal, requiring a quarter 
of a square foot of grate surface for its 
consumption. 

In selecting a vertical boiler, one 
of the multitubular type will probably 
be preferred, as affording greater heat- 
ing surface and therefore greater evapo- 
rative power for a given weight. This form is safer than many others in 
inexperienced hands, since shortness of water can only damage a few 
small tubes, instead of burning the crown of the furnace. Owing to the 

rapid circulation, the interior keeps 
free from scale, even when impure feed 
water is used ; the impurities are de- 
posited in the lowest parts of the boiler, 
and being below the heat of the fur- 
nace, do not harden, and may be 
cleaned out as soft sludge through 
doors provided for the purpose. 

Among the different patterns of 

multitubular vertical boiler the 

C'ochran is one of the most popular 

and will be found on almost every 

goldfield ; here the compactness and 

portability of the ordinary boiler are combined with special internal 

accessibility and evaporative power. The tubes run horizontally through 

the shell, from side to side, and one of the features fully appreciated on 




Kk;. 16. — 

Vertical Section, Ct)chran IJoiler. 




Fig. 17.— 
Sectional Plan, Cochran Boiler. 
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t«tMir<- tJ^ lUrtt Si .if«*itin|; the doors at each side, the tube-plates and 
i„ii. £ an tuts r\;HtMrd. The crown of the furnace is pressed to hemi- 
;i|ilirrit rt) «tuifM tT(\tt\ A fdngk plate, the flanged openings for the fire door 
utiii itfit.iid hcin^: |irts5«Nl from the same sheet. By adopting this method 
ri' itiaruitni'tiin iili inlrrior furnace seams are removed from direct contact 

V'H't r.*:uirj:v5 for merely temporary use the boiler is placed upright 
M tn ^",'aini . if tor more permanent work, extending over some months, 
, ^ t.«.ivrxtoie CO build a masonry foundation raising the foot of the boiler 
ux»ut > ill. above the level of the ground, and protecting it from corrosion. 

Particulars of Cochran Boilers. 
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In the above table the smallest boilers are credited with a consumption 
of 1 6 lbs. of coal per square foot of grate and an evaporation of 5 lbs. of 
water per pound of coal, allowances gradually increasing until, in the 
larger sizes, 24 lbs. of coal are burned per foot of grate and 6^ lbs. of water 
evaporated by each pound of coal. With good fuel and skilled attendance 
the results in Table I. are obtainable, and may be regarded as the maximum 
for the size of boiler in question. 

Table II. assumes the boilers to be worked at 75 per cent, of their 
»im evaporative capacity, the coal consumption 60 per cent, of the 
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maximum, and the evaporation per pound of coal 25 per cent, higher than 
when the boiler is forced to its fullest extent. The indicated horse-power 
column is based on a consumption of 30 lbs. of water per horse-power per 
hour. Deductions must be made from these tables should the coal used 
not be equal to average Welsh, and at least 50 per cent, should be taken 
ofif when wood is burnt. 



Cornish and Lancashire Boilers. — These types, owing to the 

amount of masonry rei]uired in their settings, are suitable only for work 
of a more permanent nature ; being accessible and easily cleaned, they 
suffer less than other varieties from impure feed water. Owing to the 
ample steam and water space provided, constant attention is not required 
from the fireman ; for the same reason they are well adapted to inter- 
mittent work such as hoisting. 

Although economical generators of power when worked well within 
their capacity, these types steam slowly on account of the quantity of water 
contained, and their slow circulation ; they are therefore heavy and bulky 
for a given power, considerations which carry weight when transport is 
expensive. The internal flues are possible sources of danger, being the 
first parts bared in case of shortness of water : and in most foreign countries 
repairs are not easily effected. 

In spite of their considerable weight these boilers, when made water- 
light by closing all openings, may be lowered overboard from vessels, 
floated ashore, towed up rivers, and rolled through miles of trackless country 
into apparently inaccessible places. 

Setting^. — As those who design the general plan of an installation are 
probably not acquainted with local conditions, the relative position of 
boilers and engine as planned need not be too strictly followed, in fact 
may often be altered to advantage. The objects in view are : to place 
boilers and engines close together but without crowding, to allow extension 
of power plant, provide for delivery of fuel, and storage of both fuel and 
water supplies. Batteries of boilers are often hemmed in by an engine on 
each side, an arrangement which does not lend itself to extension ; true, 
larger boilers may be substituted for those in use, but this means tem- 
porary interference with the work of the mine, while, to guard against 
(weak-down, it is safer to multiply the units than to enlarge them. 

In most cases the boilers will stand either parallel with or at right angles 

) the engines, and the settings may be laid out from the original datum 

^l a line stretched over the engine, plumb with the centre of the crank 

™ at one end and with the centre of the cylinder at the other, will be 

'nrfently accurate. A parallel line is now required, distant from the 

itre of the steam opening on the cylinder an amount equal to the total 

^nt of the elbows, bends and set-offs in the steam pif)e ; it may lie on 
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either side of the steam opening, according to the direction taken by the 
piping. This line is produced across the boiler settings, and from it the 
centres of the steam openings on the boilers may be laid off by allowing for 
length of branch pipes and set-off on stop valves. Should the boilers be at 
right angles to the engine, the line will be squared with the datum line, the 
same precautions being observed regarding set-offs in the piping. See e, f. 
Fig. 19. 

In either case all the boiler settings will be laid off from this line, which 
should be permanently marked by posts and nails on each side of the site. 
The distance of each boiler from the steam opening on the cylinder is now 
laid off on the line, and the foundation pit pegged off. The whole of the 
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Fk;. 18. — Horizontal Section thmugh Cornish l^oiler and Setting. 

ground within the pegs is excavated to a depth of about 2^ ft., and the 
bottom of the pit paved ; the distance from the engine to the centre of 
each boiler is measured off, and the centre flues and masonry on each side 
are marked off, the lines being all parallel with the centre line. 

The masonry on each side of the centre flues is now carried up to the 
height required for the seating bricks; in Fig. 18 this corresponds with the 
ground level. As the fire is within the boiler, this part of the setting is of 
ordinary rubble masonry, bricks being only used for the back arch, seating, 
and flue covering. Building stones which contain lime, or enclosed globules 
of water (such as quartz), should be avoided. 

Placing^ Boilers. — If the ground permits, it is easier to roll the boilers 
o their seatings from one side than to drag them on endways ; it will 
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also save time if the respective ends of the boilers face the right way before 
they are unloaded from the waggons. In unloading, skids are placed on 
each wheel, distanced by a spreader, their ends strutted and their feet let 
into the ground. A chain is now made fast to the top of the boiler, its 
rear end Ixring secured to a tackle and anchorage ; it is slacked out as the 
boiler rolls down the skids — an operation the reverse of parbuckling. 

Other skids are placed on the ground to receive the boiler ; these should 
be of such thickness that the mountings clear the ground. On the last 
skids, those spanning the flues, should be laid a few feet of flat iron, well 
greased ; on these irons the boiler may be turned if necessary, or jacked 
forward or backward to meet the centre line. When approximately correctly 
placed, the skids are withdrawn and the boiler rested on blocking in the 
flue ; this blocking being also covered with greased flat iron. 

A Cornish boiler is placed vertically by plumbing from its centre to the 
centre of the flue ; a I^ncashire, by a level placed across the flues. Both 
may be checked by a level placed on the mountings ; the plumb line from 
the boiler centre should hang in the centre of the flue. Jack longitudinally 
as required until the steam opening is the right distance from the engine 
line. See e and f. Fig. 19. levels may be checked by luting up the ends 
of the flue with clay and filling within with water to the depth of an inch or 
two. In boilers exceeding 20 ft. in length it is customary to allow a drop 
of three-quarters of an inch towards the blow-off" cock, but this is optional. 
The boiler being correctly placed, longitudinally, transversely, and vertically, 
the seating bricks may be built in and the masonry finished level with the 
bottoms of the side flues. 

There is no recognised rule as to whether the gases, on leaving the centre 
flue, should first traverse the side or the lower flues. At the first glance 
it would appear correct to apply the heat at the lowest point, but the area 
here is only half that of the side flues. In practice it makes no appreciable 
difference in the fuel consumption, and is generally more convenient to use 
the side flues first, letting the gases leave the boiler by the bottom. Nothing 
is gained by contracting the flue area and hurrying the heated gases up the 
chimney, while flues of ample area are easily inspected and not so readily 
choked with ashes when wood is burned. When the side flues are covered 
with arched bricks, their walls are built vertically. Those shown in section 
in Fig. 18 are easier of access and are built on timber centering, which is 
left in position and burned out. In each case the side flues should extend 
right out to the boiler front, so that the temporary stopping may be removed 
when the boiler is cleaned. 

Before the side flues are commenced, the timber blocking is withdrawn. 
This is done, without injuring the masonry, by placing a jack at each end 
of the boiler, one to take the weight while the other lifts for withdrawal of 
the blocking. Sprags must be kept tight to the boiler sides that it may not 
roll out of position. 
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The seating bricks are omitted for a few feet on each side at the front 
end to afford communication between side and l)ottom flues. See a, Figs. 
1 8 and 19. When the side and back flues are flnished, the side and end 
walls are carried up a few inches above the top of the boiler, so that the 
whole of the top may be flUed in with some non-conducting substance, 
such as sawdust, ashes, or sand. 

The firing floor should be well below the boiler front, so that the shell 
may not be corroded by damp ashes; wood ashes being es[)ccially dangerous 
in this respect. Finally, the damper frames are built in and flue connected 
with the chimney. All masonry work about a boiler should be of the best 
quality, as infiltration of cold air through the setting is very detrimental to 
the performance of the boiler. For bridges and any parts exposed to 
intense heat, a mixture of clay wash and finely sifted wood ashes stands 
better than mortar made with lime. 

When these boilers are to be placed in inexperienced hands, they are 
sometimes fired externally from below, the gases returning through the 
central flue and passing to the chimney by the sides. After the mountings 
are on and boiler filled, a small fire should l)e kept going for a few days to 
warm the water and dry the masonry slowly. 





Siie ill Feet. 


Heating Surface. 


Grate Area. 


Kvaporatioti. 


'. Lancashire ... 30 t)y 8 


1,070 


39 


5»35o 


LancLshirc 






30 ,. 7i 


1,000 


36 


5,000 


> Lancashire 






28 „ 7 


1 850 


33 


4,200 


lancashire . 






26 „ 64 


740 


30 


3.720 




Cornish 






24 M 7 


580 


27 


2,900 




Cornish 






22 „ 6J 


497 


22 


2,480 




Cornish 






20 „ 6 


409 


15 


2,040 


m 


Coniish 






18 „ 54 


340 


12 


1,700 



'Hie Multitubular Boiler consists of a cylindrical shell fitted with a 
^^ plate at each end to receive the horizontal tubes which pass 
**^tadinally through it. These tubes are generally 3 in. in diameter and 
•■•y in number with the size of the boiler, sixty being the average number. 
^*''^^<^ them the gases pass on their way to the uptake. 
^ A« wMi all externally fired boilers, the large furnace is particularly 
to wood fuel; while the fire, being entirely below the shell, is in the 
ponble position in case of shortness of water. The small diameter 
^ 4iell b in itself a factor of safety when high pressures arc required, 
^ ample heating surface and rapid circulation assist in keeping down 
^CllU dimensions. A multitubular boiler, 4 ft. diameter by 14 ft. long, 
mi a half times the evaporative power of a I^ncashire boiler of 
se dimensions. Hence it is small and light for a given evapora- 
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live power, and in ihe various consideralions of transport, safety, and ease 
of repair, fully meets the requirements of mining usage. 

Boilers of this type were formerly supported by lugs at the sides resting 
on the furnace walls. It is, however, a much better plan to suspend them 
independently of the setting. For this pur|X)se two columns are placed on 
each side of the masonry, and the boiler hung from bolls resting on the 
girders connecting the pairs of columns. Fig. 20 illustrates both methods ; 




the lugs were originally intended to rest on the masonry, but have been 
bored to receive the suspension bolts. Wrought-iron atiglc plates are 
generally used, as lugs project and are in the way while the boiler is being 
brought into position. 

The erection and setting are illustrated in Figs. 20, 21, and 22. ui 
laying out the setting, the four concrete piers on which the columns rest 
are lirst located. Their positions arc found from the steam pipe line as 
before, allowance being made for the distance between the steam pipe 
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opening and the nearest pillar. In Fig. 20 this is 3 ft. The boiler is now 
rolled into position, jacked up the required height, and suspended from the 
cross girders, being levelled by adjusting the bolts. If desired, all steam 
and other connections may be made before the masonry is begun; the 
latter being marked off by plumbing from the boiler. 

As it is directly exposed to the fire, the setting is usually of brick, the 
furnace being lined with firebrick set in fireclay or in a luting of clay wash 
thickened with sifted wood ashes. When wood is burnt, the wear on 
furnace linings is severe, and it is advisable to build them separately from 
the outer wall, leaving an air space of 2 in. between them. 

Another very necessary precaution, where wood is used, is to allow 
ample depth to the ash pit, and so prevent the bars from being burnt and 
warped by accumulations of ashes. 

The smoke stack is always of wrought iron, and rests directly on the 
uptake; or the uptake of two boilers may be joined by a breeching supporting 
a common chimney. When more than two boilers are used, they are either 
joined in pairs or connected to a horizontal flue leading to a chimney 
common to all. Dampers are provided in the flue to shut off" any boiler 
not required. A cast-iron front-plate carries the fire and ash-pit doors, 
besides supporting the dead-plate and firebars. This plate is secured by 
bolts passing through the air spaces to the back of the boiler and serving 
to tie the setting together longitudinally. 

Multitubular Boilers. 



Size in F'eet. 


Heating Surface. 


CJrate Area. 


Evaporation. 


Weight in Tons. 


1 

14 by 4 


640 


19 


1.570 


9J 


16 „ 4i 


790 


24 


1,930 


"i 


16 „ 5 


1,140 


32 


2,560 


ni 


16 „ 5i 


1,480 


35 


2,800 


Mi 


1 16 „ 6 

i 


1,900 


45 


3»6oo 


20} 



Smoke slacks arc not included in the above table. 



Water-tube Boilers. — In this class the water lies within the small 
tubes, not around them, each boiler consisting of several rows of tubes 
placed above the furnace and in connection with an overhead drum 
containing steam and water. As a class they pos.sess all the advantages 
of the multitubular type and are more easily transported, in fact the 
light parts of which the smaller sizes are composed can be carried wherever 
it is possible for man to go. They may be left in inexperienced hands 
with less risk than the shell forms, as owing to the small diameter of the 
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tubes, serious damage is almost impossible; this is a matlt^r of some 
importance in counlrius where lln; firemen always slei;p when on right 
duty. The thickness of melal between the fire and water is much less 
than in shell boilers; they steam quickly, can be forced if necessary, 
and are easily repaired. Although the reserve of water is not large, the 
boiler responds quickly to demands made upon it ; this is due to the 
rapid circulation, all the water being thoroughly heated and in a condition 
to be quickly converted into steam. The smaller sizes are furnished with 
a housing of cast-iron plates ; in larger boilers the necessary brickwork 
often adds considerably to the weight and cost of transport. 

Some of the earlier types were, unfortunately, not suited to foreign 




Fig 2}. — lialicock & Wilcox Koilrr. with t,onBiiudinBl Su|icrheaier 

re<]uirementK. The junction pieces were screwed on the tubes, and if a tube 
was burned, the junctions at each end were often sacrificed ; the tightness 
of the joints depended too largely on packing material; and the baffle 
plates were so insecurely fastened that they were often displaced, allowing 
the gases to pass freely up the chimney without having first circulated 
around the tubes. They were also unnecessarily seciionalised ; and the 
gain in portability thus obtained was outweighed by the inconvenience of 
an excessive number of joints. These defects resulted in an undesirable 
reputation, but the type lias been gradually improved, and the modern 
development is shown in the form made by Messrs Babcock & Wilcox, 
who have done much to eliminate the defects of the earlier designs. 
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The Babcock & Wilcox boiler is composed of wrought -steel lubea^ 
placed in an inclined position, and connected to each other and lo i 
horizontal steam and water drum by vertical passages at each end. A 
mud drum is connected at the rear to the lowest point in the boiler. The 
steel end connections are in one piece for each vertical row of tubes, and m 
of such form that the tubes are "staggered" or arranged in zigza^fl 
s, 10 more thoroughly intercept the hot gases. All the holes are bored# 




^■de 

^^Kinspect 



si?e, and the tubes expanded into position. These rows, or units, 
'Connected with the steam drum above iind the mud drum below, by short 1 
fJtubes expanded into position ; none of the joints in the tube connectionsJ 
depend for tightness on bolts or packing material. 

Each vertical header is bored through both its sides, and the openings 4 
on the faces closed by machine joint plates. By removing these joint I 
plates the whole interior surface of any tube can be scraped, cleaned, and I 
inspected. The whole boiler is suspended from girders resting on columns, . 
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2nd the brickwork setting is built after the boiler is in position, as is the 
case vith the multitubular type. By an arrai^ement of baffle plates the 
products of combustion are made to pass three times through the rows of 
tubes btkjft escaping to the chimney. As heated water tends to rise, the 
circulation through the inclined tubes is not only rapid, but all in one 
direction ; there are no conflicting currents, and all parts of the boiler are 
kept at nearly equal temperature. Too much water space results in slow 
steaming, and too much steam space in losses through radiation. In this 
Ijoiler the proportions have been arrived at after years of experiment, 
and the result is a boiler that can be driven to the utmost, and yet will 
carr>' a steady steam pressure and water level, and will always furnish dry 
steam. Perfect combustion is assisted by the numerous deflections the 
gases experience in their passage around the staggered tubes, tending to 
thoroughly mix the air with the carbon and hydrogen of the fuel. 

In common with other externally fired boilers, the large furnace is 
well suited to wood fuel. Some of the results obtained under test and 
working conditions are referred to in the following chapter. 
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CHAPTER V. 

CHIMNE YS—FUEL-^FEED. 

Chimneys, Height and Area t)f, Draught, Construction, Brick, Masonry, and Iron — 
Petroleum — Coal — Wood — Keed Water, Impurities, Meating — Methods of Feeding 
— Tests for Impurities. 

Chimneys. 

Before putting up a chimney two important dimensions must be fixed, 
its area and height ; two points of secondary importance being its position 
and method of construction. On the flue area depends the number of 
cubic feet of gas discharged in a given time ; but this also depends on the 
speed at which the gas is travelling, which, in turn, depends chiefly on the 
height of the chimney and partly on the temperature of the gas. Thus it 
follows that area and height are closely connected, and, within limits, a 
deficiency of one may be corrected by an excess of the other. As from 
250 to 300 cub. ft. of air are required for the combustion of each pound of 
coal, the area of the chimney flue bears a distinct relation to the fuel con- 
sumption. The rule is, fifteen times the fuel consumption in pounds per 
hour divided by the square root of the height of the chimney in feet, gives 
the flue area in square inches. But the rate of combustion varies, it may be 
10 or 20 lbs. of coal per square foot of grate per hour ; and even if it were 
possible to predetermine the exact consumption, altering conditions might 
upset calculations. In practice the common rule is to make the flue area 
equal to one-tenth of the grate area for wood and to one- eighth the grate 
area for coal. 

Height — Under given conditions the velocity of the draught depends 
directly on the height of the chimney, being due to the difference in 
weight between the column of heated gas within, and that of an equal 
column of air outside the chimney. This explains why the boiler steams 
better at night in tropical countries, and why a given height of chimney is 
less effective there than in a colder climate. A chimney works at its best 
and at its fullest capacity when the gas within is expanded by heat to twice 
the volume of the external air ; this occurs when the gases are escaping at 
491* Fahr., and the thermometer outside stands at freezing point. 

E 
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Since the drauglil can always be checked and controlled by dampers, 
there is little danger of having loo high a chimney ; bui want of height 
will diminish the fuel consumplion nnd consequently the evapurative power 
of the boiler. 

The intensity of the draught is measured by the height of ihe column 
of water it balances. A chimney, 70 ft. high, will give a draught pressure 
equal to halfan inch of water, corresponding lo a velocity of about 30 It. 
a second ; this is the minimum velocity of draught in use when good and 
rapid comhustion are desired. Doubling the height of the chimney doubles 
the velocity and the pressure of the draught, a 140-ft. chimney yielding a 
draught equal to i-in. water pressure, or a velocity of 66 ft. a second. 
Since the fuel consumplion depends so largely on the bdghl of the 
chimney, and the power on the fuel consumed, it is, in many cases, jmssible 
lo obtain increased power by lengthening the chimney and burning more 
fuel in a given lime. 

As instances of extremes of practice, there were on the Colar (lold- 
field three Cornish boilers, each 6 ft. by 20 ft., connected to n chimney 
only 50 ft. high and having a flue area of 16 sq, ft. ; the draught, as might 
be expected, was sluggish, and briquettes could not be burnt, as the 
cementing material melted and choked the firebars. On the other hand, 
in Colorado, t*o multitubular boilers, 4 ft. by 14 ft,, were connected with 
a stack 520 ft. high— needless to say it had not been built. It hap|H;ned in 
this way : the boilers were placed in a chaml>er .it the end of an adit, and, 
as the upper part of the shaft was disused, it was soUared over and the 
uptakes connected with it. The area of the shaft was much greater than 
was necessary, and down-draughts doubtless interfered with the up-draught ; 
still the boilers steamed well on the poorest fuel, and the fire lifted from 
the bars when the dampers were widely opened ; all coal had lo be 
thoroughly wetted before being used. As the external temperature was 
generally below freezing jioint, often below iiero, the draught must have 
been equal to nearly 4 in. of water. 

Position. — The site selected for the chimney should afford a sound 
foundation at a moderate depth below surface, and should be such that ll 
flues lead to it without quick turns or right-angled bends. If the si 
stands above the level of the boilers, the height of the chimney it 
without extra cost, as the effective height is the difference in li 
the firebars and the chimney cap. 
must not interfere with additions or 



Construction. - 

bricks are seldom ol 
stone or iron. \\'lii. 
vili l.r,,l,,,l> 
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expense is cunlined tu the tirst cost ; if well built, the chimney should 
require no repairs during the ordinary life of a mine. The weight of a 
stone slack is considerable, and the foundation must be carried down into 
firm pick ground ; should there ijc any doubt as lo the soundness of (be 
botloni, the lowest courses of masonry should be footed out to distribute 
ihe weight, Exlernally ihe stack may be square, octagonal, or round, the 
latter section being less affecled by wind pressure and pcrmilling a reduc- 
tion in the thickness of the walls The square shape is simplest and 
should be adopted when the labour available is not of a high order. 
Nothing is gained by la] wring (he internal flue, but a round flue gives slightly 
belter results than a square one. 'I'he external diameter at the base will 
be about one tenth of the total height ; in some countries it is necessary lo 
enceed this widlh, as masonry work of less than 15 in. in thickness at the 
lop cannot be relied on, U'hen the flue is of sufficient area to afford 
working room, the chimney may be built from within and much scaffolding 
di$|>ensed wiih ; but this is not often ihe case. Correct baiter is main- 
tained by trial with plumb staffs, having the right amount uf taper, generally 
one-lhird of an inch to the foot, planed oflf each side. When wood is to 
be the fuel, it is advisable lo let the central flue of the chimney com- 
mence below the level at which the boiler flue enters ; ihe well thus formed 
receives fine ashes and prevents them from blocking up the chimney base. 

A masonry chimney 100 ft. high, wiih a flue ^i ft. square, would have 
walls 3 ft. thick at the base, giving a total base diameter of to^ ft. ; by 
baiter the thickness of the walls would l)e reduced to 15 in. ai the top. 

A round brick stack of the same height would be one brick thick for 
the top 25 ft., increasing half a brick for each 25 fi., and giving a base 
diameter of 9 ft, In high-class work, when all courses are lo be kept level, 
it IS essential that each mason changes place daily with ihe man opposite 
him, since no two lay joints of exactly the same thickness. 

Before the scaffolding is removed, the lightning conductor should be 
securely fastened in [rasition, with points spiead well above the cap of the 
chimney ; it should be made of copper, which is a better conductor than 
iron, and less liable to corrosion. The lower end should be fastened lo 
an iron or copper plate, and either grounded in a damp place, or buried in 
a pit with charcoal around it. 

Iron Chimneys. —These have the advantage in prime cost, their life 
is generally suflicicnt for mining requirements, and they can In: taken down 
and re-erected at a moderate outlay; for these reasons ihey are more 
extensively used than any other kinds. 

Portability is secured by making ihem in sections, to be boiled or 
riveted together at destination. These sections differ in diameter, that 
they may be nested for shipment, and diminish in thickness from the 
bottom to the lop. Thus tn an So fl. stack there will be four 20 ft. sections 



68 



GOLD MINING MACHINERY. 



of yV, i, i\, I in. thick, respectively. The lowest section is secured to a 
cast-iron sole plate bolted to the masonry, but a wrought-iron angle ring 
may be substituted for the plate if portability is essential. 

Wire guys are attached at about two-thirds of the total height ; they 
must be well spread and anchored in all countries subject to monsoons and 
other violent winds, the stability of the chimney being increased by a 
sound connection to a substantial masonry base. 

The method of erection depends on the height of the chimney and the 
gear available ; if not exceeding 80 ft. in height they may be lifted by a 
single derrick pole or pair of sheer legs ; those from 80 to 120 ft. in height 
may be raised by a system described in the chapter on ** Tackle." When 
exceeding this height they arc usually built up from below, the top being 
steadied and held vertically by wire guys as the lower part is jacked up 
and sections added at the ground level. 

The accompanying views of the stages of erection of a iio-ft. chimney 
stack at the Abosso mine (Figs 25, 26, 27) will be of interest. 

The following is an extract from a table kindly supplied by Messrs 
Babcock & Wilcox, Ltd., and gives the sizes of chimneys required fgr 
different rates of evaporation : — 



Siilc of 

Flue 

in 

Inches- 



16 
24 
30 

35 

43 
48 

54 
64 



Ileieht in Feet. 



50 



60 



70 



80 



90 



100 



no 



700 800 900 
2,000 ! 2,200 2,400 
3.500 3,800 
5,500 



> 3^^^ • • • • • • 

4,000; 4.300, ... 

5,900 6,300 6,600 1 

9,400 9,900 10,500 

10,900 12,900 ' 13,500 

15,200 16,100 17,000 



125 



150 



'75 



11,000 
14,200 
17,800 



^ 



23,800 25,100126,300 



11,700 

15,100 16,600 I 
19,000 I 20,800 22,500 
28,100 30,700 33,200 



Kvajwralion in pounds jxrr hour. 



Fuel. 

Although not extensively used in mining work, crude petroleum is one 
of the most perfect fuels ; on an average it contains SS parts of carbon, 
1 1 of hydrogen, and i of oxygen. The calorific value of this crude oil is 
about 20,000 B.T.U., and with proper precautions it can be fired in almost 
any furnace. It must first be atomised or broken up, in order that it may 
burn readily or almost instantaneously ; this is effected by spraying by 
means of pumps, compressed air or steam, or by vaporising. 

Of these systems, spraying by pumps may be considered the crudest, 
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and is suilablc only when the interior of the furnace is covered with a 
brick hning or a coke bed from which the heat is not rapidly abstracted, 
a temperature high enough to vaporise- the incoming spray being retained ; 
its efficiency is about i z J lbs. of water evaporated per |X)und of fuel. 

When the vaporising is effected hy steam or compressed air. the 
particles of oil are finer, ihe atomising more complete, the brirk lining 
may be partly dispensed with, and a brick arch or small coke bed substituted ; 
the evaporative efficiency is higher, running up In 13^ lbs. of water at 
211" Fahr. from each pound of fuel. 

But Ihe best results are obtained when ihe oil is completely vaporised 
or turned into gas. This k effected in a separate vessel, the oil, in its 
passage from the tank lo the burner, usually passing through one or more 
coils of pipe exposed lo the fire. The vaporising begins about 120' 
Fahr., the oil boils at 395" Fahr. ; the more volatile constituents are 
then driven off, and solid carbon deposited ; this is the reason why the 
nozzles of burners choke. One pound of vaporised oil will evajwraie 16 lbs. 



ofw 



' Fahr. 



As com|)ared wilh coal, less than half the weight of fuel is required for 
Ihe same work, admitting a considerable saving in Iransport. Being easily 
m.inaged and regulated, one man is able to look after a whole haltery of 
boilers ; ihe steam pressure being easily conlrolled remains more constant, 
consequenlly ihe wear and tear on engines and boilers is reduced. 

When spray burners give trouble it is generally on account of water in 
Ihe oil, the flame then l>ecomes intermittent, being e\tinguished while 
water is passing through the jet, and rekindled by ihe heat of the furnace 
when the oil spray takes the place of the water. The raporising process is 
least liable to derangement in this respect. 



Coal- — Coal is divided into two classes, anlhraciie (ihe hard, almost 

■ smokeless steam coal), and the bituminous, or ordinary household variety ; 
there are, however, many subdivisions in each class. The calorific value of 
any coal lies almost entirely in Ihe quantity of carbon it contains ; a high- 
class British steam coal contains about 88 per cent, of carbon, and if 
consumed under theoretical conditions, produces 15,000 B.T.U. Outside 
the laboratory coal never is consumed under theoretical conditions; ihe 
quantity of air is too great or too little for perfect combustion ; there is 

I loss of heat up the chimney in the form of draught, and other losses by 
radiation and leakage of cold air through the boiler setting. In practice 
each pound of coal evaporates from 5 to 10 lbs. of water; inordinary mining 
it would be safe lo put the average at 7 lbs, The actual quantity of coal 
burnt per square foot of grale depends on its quality and on the draught 
it may be averaged at 12 lbs. per hour ; then 12 (lbs. of coal) mulliplied by 
7 (lbs. of water) equals 84 lbs. of feed water evaporated per hour on each 
square foot of grate, equal lo very nearly 3 H.P. 
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In recent years few boilers have been more carefully tested than the 
water-tube. The Babcock & Wilcox boiler, for instance, has been shown 
capable of evaporating lo to 12 lbs. of water at 212" Fahr. per pound of fuel, 
and of burning 30 to 40 lbs. of coal per square foot of grate per hour under 
a draught pressure of i in. of water. Some tests made by Professor Henry 
Robinson on a battery of boilers of this make are instructive in showing 
the difference between the theoretical and practical evaporative power of 
fuel, and how that difference is accounted for. In this case the coal con- 
tained 14,400 B.T.U., of which 10,463 B.T.U. were transferred to the 
water in the boiler, an amount which represents 72.65 per cent, of the 
total heat value of the fuel. Of the remainder, 12.45 P^*" cent, were lost 
in flue gases, 12.7 per cent, in radiation and ashes, 2.2 per cent, by 
incomplete combustion. 

Another test on the same make of boiler, but burning wood and supply- 
ing steam to triple-expansion engines, showed a consumption of 50.5 lbs. of 
wood per square foot of grate per hour, equal to 4.18 lbs. per I.H.P. per 
hour. At a large spinning mill in India an instructive test was made when 
coal and wood were used on alternate days, the consumption being 6,000 
and 15,000 kilogrammes respectively, a proportion of i to 2 J. 

The various kinds of coal, English, Australian, Indian, and South 
African, differ considerably in the proportion of carbon and hydrogen they 
contain, and consequently in their calorific value. In dealing with either, 
the actual evaporative effect depends on the combustion and efficiency of 
the boiler ; while the power ultimately resulting is decided by the efficiency 
of the motor. The following table shows to what degree the power obtain- 
able, with different fuels and heating surfaces, depends on the motor 
efficiency : — 



Engine. 



High pressure (180), triple-expansion, condensing . 
Ordinary pressure (160), triple-expansion, condensing 
Triple.expansion, condensing .... 

Compound, condensing (120 lbs.) .... 
Compound, non -condensing ..... 
Ordinar)' high pressure, non-condensing 



Square Foot of Heating Surface 
per I.H.P. per Hour. 



Oil. 



C0.1l. 



Wood. 



' 






3, 


34 


4 


3j 


5 


6 


5 


7 


8 


5 


. 7 


8 


6i 


1 8 


10 


8 


' 10 


Hi 

1 



The subject of firing is referred to in the following chapter, but it is 
worthy of note to what small extent mechanical stokers are used in mining. 
This may be due to prejudice, aptly described as "the outcome of un. 
written experience," and the arch - enemy of all innovation ; but the 
innovation, if sound, always triumphs in the end, as the ore-feeder and 
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rock-drill testify. Perhaps managers fear some complex machine, easily 
deranged, and not sufficiently elastic for varying requirements of power ; 
possibly some of the earlier forms were open to these objections. The 
modern chain-grate stoker, however, needs only to be seen to be appreci- 
ated ; the whole machine is mounted on rails, and as easily run out for 
inspection as an ore-feeder, and can be placed in the hands of any native 
fit lo handle a donkey engine. This arrangement has proved thoroughly 
reliable ; it reduces the labour of firing to a minimum, and it gives im- 
portant aid to complete combustion by ensuring a regular and even, yet 
adjustable supply of fuel. 

Wood is extensively used as fuel in the early stages of prospecting 
and development, frequently giving place to coal as the demand for 
power increases, the surrounding forest cleared, and the means of transport 
improved. Before being burnt, the wood should be at least half dry, 
which means in hot climates that it is cut and stacked into cords two or 
three months before it is required for use. The cord measures 4 ft. by 
4 ft. by 8 ft., but the actual number of cubic feet depend on the stacking, 
and the number of hollows and arches artfully concealed in the pile. In 
any case the local varieties would necessarily be used, whatever their nature; 
but as a general fact it should be remembered that the different kinds of 
timber vary greatly in their calorific values. 

Weight for weight, there is no great difference in the evaporative power 
of light and heavy woods, and since it is bought by measurement, the 
weight of any particular wood is a fairly safe indication of its value as fuel. 
A cord of heavy wood, such as oak, teak, mahogany, or West African kako, 
will have about twice the weight and twice the evaporative power of an 
equal measurement of fir or other light wood. 

In order to use this fuel to advantage, the furnace should be roomy 
and the fire doors of ample dimensions ; externally fired boilers are more 
suitable than other varieties. As large quantities of ashes are produced, 
the firebars should be more widely spaced than for coal, and be protected 
by an ash pit of extra depth. 

When comparing wood with coal, few data are available, except 
bboratory tests, which give coal a value of twice the same quantity of 
oaky and about four times the same quantity of lighter wood. But we are 
ccmcerned with the humble efforts of the coloured gentleman whose 
is to fill the furnace to the utmost, and secure a prolonged 
for. meditation ; under these circumstances i ton of coal is equal 
•jl cords of heavy wood, and about 5 cords of the lighter kinds. 

the relative cost of different fuels, a test was made on a 
Ifedi pumping engine steamed by a Cornish boiler; the weights 
Hken and the load kept constant, but as the load was light, 
entirely in favour of wood. 
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ir«*e. 



fc/»c5»b Cca! AcMUalLui Coal 
Hatniajy (Newcastle). 



; diarL 



6) days. 



^ day%. 

47 ^ 9 ' ^1 
I3f L'***- 4 Vj<h 6 CTit. 5 loos 6 cwt- 

'2 57 5' 

22 49 41 



Under thcM; conditions i ton of English coal proved equal to just over 
2 tons of (itcynffoA. 



Feed. 

The water fed into the boiler should be clean and hot, conditions too 
seldom realis(;d in practice ; often the water pumped from the mine is 
accepted as the only feed available. Other alternatives are neglected, as 
entailing trouble and ex[>ense, nor is much serious effort made to improve 
the mine supply and render it more suitable for boiler use. Mine water is 
muddy, as the result of operations underground, that is, it contains mineral 
and organic matter in suspension and solution ; filtration is an obvious 
remedy, but few mines are provided with the apparatus required. 

Mineral matter, being heavier than water, will gradually be deposited 
if the water is not in motion ; the feed is therefore made to pass through 
settling tanks in which the grosser impurities are deposited. As generally 
arranged, these tanks are deficient in two respects ; they are of insufficient 
capacity, therefore the water does not become quiescent or remain in that 
state long enough to deposit the impurities ; secondly, the arrangement 
seldom permits separate tanks being disconnected for cleaning. 

The set should consist of three tanks, their size depending on the 
quantity of feed required ; an allowance of 6 ft. square by 3 ft. deep for 
each 100 H.P. will be sufficient. Their tops are preferably fitted with 
loose lids, and the quantity of water admitted should be, as nearly as 
possible, that of the feed required, any overflow increasing the deposit. 
The water should enter and leave the tanks near the top, entering No. 
I, overflow to No. 2, and thence to No. 3 ; to the latter the feed suction 
pipes are connected, with a branch to No. 2 tank for use when No. 3 is 
being cleaned. 

These suction pipes should be connected at least a foot from the bottom 

of the tanks, and the incoming water arranged to miss any tank in the 

series for cleaning purposes. Such an arrangement, if attended to at 

;««fArvals, will collect large quantities of mud and be found to effect consider- 

ig in boiler cleaning, besides permitting a higher evaporative duty. 
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It must not be concluded that, because the mud is deposited and th 
water looks clear in a glass, it is fit for boiler use ; deleterious matters ma> 
still be present, though invisible, being in a state of absolute solution. 
When the water is heated it no longer has the power of holding these sub- 
stances in solution, and they become palpable deposits in the boiler. 

Chief among these substances are — Carbonate of lime, soluble i part 
in 62,500 of water, and becoming insoluble at a temperature of 302" Fahr., 
when it forms a soft muddy deposit. 

Sulphate of lime is soluble i part in 500 of water, and becomes in- 
soluble at 302° Fahr., forming a hard scale. 

Carbonate of magnesia is soluble i part in 5,500 of water, while silica 
and oxide of iron become insoluble at 
boiling point. 

Should there be traces of carbonic acid 
in the water, the quantity of carbonates held 
in solution may be greatly increased ; these 
minerals are as actually dissolved in the 
water as sugar may be, and cannot be 
extracted by any process of settling or 
filtration. Here precipitation comes to our 
aid, and is brought about by freezing, boil- 
ing, or adding chemicals to the water. 

Lime compounds cannot be precipitated 
by boiling, since they do not become in- 
soluble at a lower temperature than 302* 
Fahr., corresponding to a steam pressure 
of 70 lbs. ; but carbonate of lime may be 
deposited in the settling tanks by the addi- 
tion of small quantities of caustic lime. 
The various nostrums and compounds which 
may be added to the feed vary from bark 
to petroleum, but at the most they only 

ensure a soft deposit instead of a hard scale ; the better plan is to heat the 
feed at least to boiling point before use. 

Owing to decomposition of pyrites, free sulphuric acid is often present 
in mine water. The author once had a battery of nine multitubular boilers 
in which sets of tubes never lasted more than eight months, being eaten 
nearly through by acid in that time ; the trouble disappeared on neutralising 
die feed water with ammonia. 

If nothing but bad feed water is available, it is worth while going to 

<iontiderable trouble to improve its quality, but a purer supply may often be 

^Muid in a neighbouring spring or stream. An alternative plan is to con- 

^^niethe exhaust by passing it through a coil surrounded with cold water. 

™ oountries where water is scarce, the arrangement shown in Fig. 28 may 




Condensed water tank' 



Fig. 2^. — Arrangement for Con- 
densing Exhaust Steam. 
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be used ; its efficiency increases with the height of the vertical pipe, a dis- 
used smoke-stack being often used if available for this purpose. 

When condensed steam is returned to the boilers, engine lubrication 
must be reduced to a minimum, or the feed passed through oil extractors, 
as oil and grease combine with magnesia salts, forming a tough scale very 
difficult to remove from boiler surfaces. 

In lieu of extractors, much of the oil may be removed by allowing the 
condensing tanks to overflow at intervals, but hot feed is wasted in this way. 
The necessity for using every means of purifying the feed is apparent when 
it is realised that a scale only a sixteenth of an inch thick diminishes the 
conductivity of the boiler shell by 20 per cent., while a quarter-inch scale 
is responsible for a diminution of 60 per cent. 

Before it is pumped into the boiler the feed must be heated, and every 
unit of waste heat that can be utilised in this way is a step towards boiler 
efficiency. Advantage will therefore be taken of any water used for cooling 
purposes in tuyeres and water jackets, the supply receiving additional units 
from heaters through which exhaust steam or waste flue gases pass. 

Of heaters warmed by exhaust steam, those with straight tubes are more 
easily cleaned and examined ; they should be fitted in duplicate for alternate 
use. 

No exhaust heater will actually boil the feed water, about 200" Fahr. is 
the most that can be expected ; to exceed this limit, some form of econo- 
miscr is required. Economisers are usually nests of tubes placed between 
the boiler and the chimney, and provided with some mechanical appliance 
for cleaning their external surfaces. 

When the feed has been previously heated by exhaust steam, they are 
capable of raising its temperature to 250* without seriously interfering with 
the draught. A gain of about 1 2 per cent, in fuel results from their use, 
but, perhaps owing to the additional mechanical complication, they are not 
generally adopted. The hotter the flue gases the greater the advantage of 
economisers, or in other words, the more wasteful the boiler, the greater 
the opportunity for the economises 

The feed should be as regular and as constant as possible, as much 
water being pumped into the boiler per minute as the engine requires in 
steam ; the most economical form of pump being one driven directly from 
the main motor by belt or gearing. Injectors rank second, and direct-acting 
steam pumps last, the latter costing about 13 per cent, more in fuel than 
when the feed pump is actuated by the main motor. 

Simple Tests for Feed Water. 

If Acid or Alkaline, — Test with litmus paper. If blue paper does not 
turn red, the water is not acid ; if red paper does not turn blue, the water is 
not alkaline. 
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Carbonic Add, — Place a sample of the water in a test tube and add 
lime water. If carbonic acid is present the sample becomes milky, and 
again clears on adding hydrochloric acid in small quantities. 

Sulphate of ZJme. — To a sample of the water in a test tube add chloride 
of barium. If sulphate of lime (gypsum) is present a white precipitate is 
formed which does not dissolve in nitric acid. 

Magnesia. — Boil a sample of the water in a test tube, and add a small 
quantity of carbonate of ammonia and phosphate of soda. Magnesia forms 
a white precipitate. 

Iron, — A drop of ferrocyanide of potassium will colour the water blue 
if iron is present. 

Copper, — Soak filings of soft iron in the sample, add chloride of 
ammonium. The lyater turns blue if copper is present. 

Lead, — Add a few drops of cochineal to a sample in a test tube. Lead 
is present if the water turns blue. 
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CHAPTER VI. 

MANAGEMENT OF MOTIVE POWER, 

Protection of Machinery not in Use— Overhauling Boilers, Engines— Boilers under Steam 
— Firing — Engine under Steam — Taking Diagrams— Detecting Errors — Calculating 
Horse-power — Periodic Tests. 

Preservation of Machinery. — Machinery when not in use is liable to 
rapid deterioration unless proper precautions are taken for its preser\'ation. 
Working surfaces that should be smooth and polished as glass may be ruined 
by a few weeks* rusting in wet packing. The extent of the precautions to 
be taken depends in a great measure on the time the machinery is to be idle. 
For engines in occasional use, say once or twice a week, nothing more is 
necessary than a good oiling when shutting down, and a turn round by hand 
every day. Boilers idle for a fortnight at a time may be closed up and 
entirely filled with water. 

When the period is likely to exceed a month, all engine packing should 
be withdrawn, and both interior and exterior working surfaces, and all 
polished parts, covered with cylinder oil or melted tallow. The boiler, if 
quite tight, may be filled with water, but the smallest leak or weeping will 
lead to corrosion. It is on the whole safer to drain the boiler and paint 
the interior with linseed oil or whitewash, leaving the doors off so that air 
may circulate freely. A boiler in this condition, and protected by a sound 
roof, may be left indefinitely. The iron chimney will be sufficiently pro- 
tected by a metal plate laid across the top to keep the rain out. 

Timber is more difficult to preserve, for when white ants are prevalent 
they soon appear on the scene if the machinery is idle and vibration stopped. 
They will not touch woodwork painted with cyanide solution, but the effect 
of the cyanide is soon lost in places where it is exposed to rain. 

Examination of Boilers. — On taking charge of a mine that has 
been idle, when the state and condition of the plant is not known, it is best 
to take nothing for granted, and to submit each part to a searching 
examination such as all steam plant should undergo at least once a year. 

The flues are opened and cleaned, portions of the setting on which the 
boiler rests being removed and the shell examined for corrosion. The 
masonry work of the flues should be carefully inspected and repaired if 
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necessary, any leakage of cold air being detrimental lo the performance of 
the boiler. Examine for trures of corrosion around mud holes and blow- 
off cocks. The lower parts of the fronts are liable to damage through 
accumulations of damp ashes. 

Internally, after a thorough cleaning and scaling, the thickness uf the 
flues can be tested by a small hole bored through the crown of the furnace ; 
it can be afterwards screwed and plugged. The surface of the ])lales should 
be searched for pitting, and the seams for grooving. These grooves, some- 
times (]uile deep and seriously weakening the plate, are especially liable 
to occur wherever free expansion has been checked by stays or extra thick- 
ness of metal. Bulges and blisters, if small and local, may be patched by 
a plate bolted over them. Riveting is seldom successful unless done by 
men accustomed to such work. Cracks may Iw slopped by a hole drilled 
through the sheet at each end and a plate bolted over the whole. Such 
repairs naturally decrease the strength of the boiler, and the working 
pressure must be reduced accordingly. Renew safety plugs, and repair the 
furnace bridges. Remove warped and distorted firebars, they waste more 
fuel than new ones cost. 

When adding new firebars see that there is room for free expansion at 
their ends. The various mountings should now be overhauled, the safety 
valves ground in, taking care that the bearing surface of the valve on its 
seat docs not exceed a sixteenth of an inch in width. The safety valve 
lever should work in an open fork ; when in a closed loop, native firemen 
have Ijeen known to wedge it down to prevent it from leaking! All valves 
will require packing and grinding, especially stop, check, and blow-off valves. 
The feed pumps will be thoroughly overhauled to ensure that their pistons, 
plungers, and \alves are in good order. 

See that the pressure gauges are not stuck, and that their hands point 
to zero. Water gauges require grinding and packing. Those packed with 
asbestos can he renewed with shredded asbestos mixed to a dough with 
graphite and naphtha (kerosine may be used but is not 50 good). Insert 
the packing in thin layers around the plug, and ram each layer solid before 
putting in ihe next. 

Finally, having gone carefully over every fitting and mounting, raise 
steam and test pipe joints and connections for leakage. There may be 
neither time nor opportunity to attend to such things when once work is in 
full swing. 

The steam gauges may now be checked by the indicator, and the safely 
valves tested to see that they lifl at the correct pressure, as shown by Ihe 
gauge. 

Externally fired multitubular boilers, unle.ss corroded elsewhere by some 
particular leak, are generally thinnest in the shell plate over the fire, about 
4 ft. from the dead plate, In retubing them, the old tubes are cut in two 
or three places with a cross-cut chisel, longitudinally, through thai part 
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expanded into the tube plate ; but to avoid injury to the plate, the cut 
should not extend quite through the tube. The ends are then knocked 
inwards and doubled into the bore of the tube ; when loosened at both 
ends the tubes fall to the bottom of the boiler and are withdrawn through 
the mud hole door. 

The new tubes may be fit to insert as they are received, or may require 
annealing to prevent their ends splitting when they are being expanded ; 
they are passed through the front plate and should not be expanded more 
than is necessary to make them steam tight. This is generally the case 
when the path made by the rollers of the expander can be just felt with the 
finger ; a hydraulic test should then be made before any further expanding 
is done. A careless workman may expand the tube to such an extent that 
the metal is weakened, and leakage soon follows. In fitting the stay tubes, 
the inside nuts are first tightened to a firm bearing and the outer ones 
screwed tightly against the sheet, the joints being made by grommets of 
copper wire or gauze and red lead. In an emergency a leaky tube may 
be plugged by a long bolt, passed from end to end, with a washer and 
joint material at front and rear. 

Water-tube boilers are cleaned by removing the caps at the ends of the 
tul)es ; the interior of each tube can then be scraped and sluiced out with 
water, the scale being more easily removed when wet. In most boilers of 
this kind the baffle plates require attention, they are liable to warp with the 
heat and are easily displaced by careless firemen; in either case heat escapes 
to the chimney instead of being compelled to circulate around the tubes. 

The Eng'ines. — In order to thoroughly examine the state and working 
condition of the engines, all covers will be removed and the cylinders, air- 
pump barrels, and other bored surfaces gauged for wear. The piston rings 
will be set or renewed, self-expanding rings may be opened by gentle 
hammering on the inside with a round nose hammer. Brass rings may be 
cast to tide over an emergency ; the final turning to gauge should be done 
after they are cut, the ends being sprung together and held by clamps in 
the lathe. 

The slide valve and face will probably want Irueing, but no good will 
be done by working the two faces together ; the valve should first be trued 
on a plane surface and the cylinder face filed and scraped to fit it. In 
Corliss gear there is play in the joints to be taken up, trip plates to be 
reversed or renewed. 

Reversing gear generally wants tightening up, joint holes reamed a size 
larger, and new pins fitted ; new sliding blocks should be fitted in slot 
links. Olands that are worn should be bored out and brushed with brass ; 
a white-metal lining soon wears away, and is not worth the trouble it causes. 
The crank shaft will be lined and levelled up, the main and connecting rod 
bearings adjusted ; test the cylinder clearance before replacing the covers. 
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and ihe valve setting before putting back the valve chest door. Any feed 
pumps connected to the engine are sure to require overhauling, and feed 
heaters scaling and cleaning. The interior of jet condensers and injection 
pipes soon gets covered with scale when dirty water is used ; they require 
cleaning at frequent intervals. Under similar circumstances, surface con- 
densers suffer from dirty and leaky tubes ; they are easily tightened when 
each tube is secured in the plate by a ring of packing and screwed gland, 
and may.be cleaned by drawing them between two files, placed vee shape, 
in a vice. The smaller details, drain cocks and lubricators, will aKso require 
attention. In addition to the foregoing, each engine, according to its work, 
will have special gear attached to it which must not be neglected. In a 
mill engine there will be the transmission gear, shafting, and bells ; in a 
pumping engine the rods and bob, and in a winding engine the ropes, 
sheaves, brake gear, and drums. 

Sieam may now be raised for a trial run, diagrams taken from the 
engine, and connections tested for leakage. 

Boilers under Steam. — When at work the water level is the most 
important thing ; it should always be kept, as nearly as possible, at the 
same height by constant feed. The strains set up in the boiler by frequent 
changes of temperature are thus avoided, for few things are more injurious 
in this respect than large quantities of feed and fuel at irregular intervals. 

The water gauges should be blown through frequently, and the try cocks 
tested at the same time, or they will be found stuck just when required for 
use. In internally fired boilers, the fusible plug is an excellent safeguard, 
but must not be relied on ; like other automatic appliances, it is dangerous 
in proportion to the reliance placed in it, and a fusible plug may not be 
fusible if covered with scale. 

In case of low water and danger of overheating, do not draw the fire, but 
cover it with ashes, earth, sand, or even fine coal ; water must not be used, 
nor should the safety valve be opened, the reduced pressure enabling more 
water to turn into steam and thus lessening the already diminished supply. 

Firing'. — If coal is used, the fire may be from 6 to lo in. thick, 
according to the draught pressure ; but in any case it must be of even 
thickness and free from holes. Fresh fuel should be introduced often and 
in small quantities, the furnace door being kept open as little as possible. 
Constant stirring and poking should not be necessary, but if so, the draught 
is insufficient ; some poor coals seem to have most effect when active com- 
bustion has ceased and the fire is a bed of glowing coke. Firebars should 
be freed from slag every shift, and warped ones removed when opportunity 
occurs; by admitting more air in places they cause the fire to burn unevenly; 
bin often get unduly heated, and sag through accumulation of hot ashes in 
the ash pit 
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The same principles hold good when wood is used ; but greater care 
must be taken to fire in small quantities, as this fuel contains from zo to 25 
per cent, of moisture, and the heat of the furnace is checked until this 
moisture is evaporated. 'I'he furnace must be of ample dimensions, the 
fire doors large, and the clear height above the fire at least twice as great as 
when coal is used. The bars should be covered with a bed of glowing 
charcoal ; when wood is thoroughly consumed the residue is a fine white 
ash, not lumps of charcoal. 

The safety valve levers are eased daily, to ensure the valves being free ; 
the weights should be fastened in position and no other weights added. 
Pressure gauges are, or should be, connected to the boiler by a syphon, so 
that only water enters the gauge ; they should be checked every few months 
by attaching an indicator in their place and observing if the pencil marks 
the same pressure as the gauge registers. In all classes of tubular and 
water-tube Iwilers the tubes should be cleaned even,' shift ; this is easily 
done by blowing through, or around, them with a jet of dry steam ; wet 
steani is useless for the purpose. 

lie not blow the boiler off unless absolulelv necessary, and then only a 
little at a time ; the mud deposited around the blow off pijie is discharged 
in one or two seconds, and if this is done at regular intenals the boiler 
will never reach the stage when a total change of its contents is required. 

.\ Ixiiler disconnected (or cleaning will be severely strained if blown 
down while the selling is still hot : one thing only is worse, \h., pumping 
in culd water to hasten the cooling. When one in a battery of boilers is 
Ix'ing cleanrti. it should either Ix- isolated by self-acting valves, or the stop 
valve and blow-itlT Ix' under Uxk and key ; bluwing off at intervals becomes 
a nutter of routine with the attendant, and li\'es have been sacrificed through 
loTjsctiing the i«tn ai work in the adjoining lx>iler. 

The iipixMr.»nt-c of the boiler house and engine-room is an indication 
nf the st.ite of the jtlani. .And whert- dirt and leakage are absent, floors 
clean, filtinits ]xihshcil, and tixils m-atly kept, iheiv is visible proof of care 
M\\\ attention on the pan of the stafl. Thest' things tend to efiiciency and 
aiv noHh eni\>wra};enuni ; while oionomic erticiency may be assisted by a 
ivcitri) of the fuel aitd stores (Xtnsunied. «nih a nKmthly bonus on the result 

SUrttng. — The engiite is warmed befoiv staitir^ by opcnii^ boUi nga- 
\nK<f tmA drain ewka sli^tl}'. When the vah^ geu can be discoonecled 

jtnd wi^fkol In 1 ii**i tx- adttiiiicij 10 ahemate sides of 

ill. |>iv>.'it li. , 1 be »-k4cT«h n)>rtcd, and rcrerscd as it 

"1 Miitv U *« hitteot [¥(»4bh-. btmpug the crank into & 
V rcvcntnc rod befotv itsning. The 
H^ tfiiMds hen^ iidinstcd to ihe 
r mienul f»its bat lubriouien 
s innd iot fiwd. 
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All lubrication should be minimum in quantity and constant in applica- 
tion, while the lubricant should suit the speed of the shaft and pressure on 
the bearing. A thin oil suits a fast motion and light load, more body 
being required for p>arts moving slowly under considerable pressure, such 
as crusher rolls and pumping cranks. In new or newly adjusted machinery, 
it is best to leave the bearings slack at first, and to tighten them gradually 
as they bed themselves after a few days' work. Hot bearings may be 
due to defective lubrication, tight adjustment, rough surface, or excessive 
load pressure, an indiscriminate application of water only makes matters 
worse. Apply antifriction grease and powdered graphite through the oil 
hole, and pour water only on the shaft or tuck of the bearing. Frequent 
heating is probably caused by rough or scored surfaces, and the shaft 
should be drawfiled from end to end of the bearing with a dead smooth 
file, but do not polish with emery cloth ; wash well with kerosine before 
assembling, and the brasses will soon work to an even surface unless 
deeply scored. 

Running^. — Clear, regular puffs of exhaust show valves and pistons 
correctly set and in good order ; but when low pressure steam is used, or 
the cut-off is early in the stroke, the exhaust may no longer be sharp, 
though it should still be regular and even. On the other hand, the con- 
densing engine exhibits no external sign, and the indicator is the only 
means of finding out what is going on within. 

The indicator is an instrument needing no detailed description ; 
it is made in many forms, but in principle they all agree with the original 
designed by Watt. 

A revolving barrel covered with paper derives its motion from the 
engine piston, or some part connected to it, and thus represents on a 
reduced scale the motion of the piston. 

A pencil controlled by the steam within the cylinder represents by 
its vertical movement the varying pressure on the piston. These two 
motions at right angles to each other produce a compound figure which 
would be a parallelogram, provided the steam pressure was constant 
throughout the stroke, the admission and release instantaneous, and 
there was no cushioning ; conditions fulfilled by many forms of direct- 
acting pump. 

In practice, a curved figure results which, when plotted to scale, gives 
the mean steam pressure on the piston. It also indicates the points of 
adminion, cut-off, and exhaust. 

The indicator should be connected close to the ends of the cylinder, 

kflies for the purpose will generally be found near the covers. Diagrams 

imeg be taken by attaching the indicator to alternate ends of the cylinder, 

tk>ii» *1iii |g open to the objection that the boiler pressure, or load, may 

I die interval, or the same stroke may not be given to the indicator 

F 
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drum, making it difficult to compare results from opposite ends of the 
cylinder. 

It is on all accounts preferable to screw a valve into each cylinder 
opening, and connect these valves to a common Tee, into which the 
indicator is screwed. Diagrams can then be taken from both ends of the 
cylinder without altering the setting of the instrument. Ixt the pipe 
connections be as short and direct as possible, blow them through with 
steam before attaching the indicator, and see that the instrument is clean 
and oiled. Motion is usually obtained from the cross-head of the engine, 
the return stroke being made by a coiled spring within the barrel. 

Some care is required in arranging for this motion or a distorted 
diagram will result. The pull of the cord should be parallel with the 
bore of the engine cylinder, and the lever about twice as long as the 




Fig. 29. — Diagram from Condensing Engine, steam cut oft at one-sixlh of the stroke. 

engine stroke. When the engine stroke is 5 ft., the lever will be from 
8 to 10 ft. long, and the point in its length where the indicator cord is 
attached to obtain a 4 or 5 inch stroke will be several feet above the level 
of the instrument. Under these conditions the cord will not be parallel 
with the cylinder unless reducing wheels are used ; an alternative plan is 
offered by compound levers, one pivoted above, and the other below, 
the centre of motion. 

The length of the cord is now adjusted until the barrel makes nearly a 
full revolution with each stroke of the engine ; but it must on no account 
touch the stops at either end of its stroke. 

The two ends of a sheet of paper are now inserted between the clips 
on the drum, and the sheet worked down until it lies closely and evenly. 
Open the valve at one end of the cylinder and allow the indicator to work 
a few strokes to warm up ; press the pencil against the revolving paper 
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no harder than is necessary to make a distinct mark. Now close the 
steam valve and connect the opposite end of the cylinder, taking a diagram 
in the same way ; shut off the steam, while the pencil traces the horizontal 
atmospheric line. 

Remove the paper and number the diagram, marking the front and 
back ends of the card ; note also the date, time, load on the engine, 
number of revolutions, rate of expansion, and the readings of the steam, 
vacuum, and receiver gauges. 

Fig. 29 shows a typical pair of diagrams taken from a condensing 
engine, steam being cut off at one-sixth of the stroke. The arrows show 
the direction in which the piston of the engine is moving. In these 




Fi«. 30. — Di;i|;ram showing effect prtMluced by too great an advance of the Eccentric. 

All fx>ints early. 

figures all motion in a horizontal direction denotes movement of the 
engine, and all vertical variations represent fluctuations in steam pressure. 
At A the piston is on dead centre at the crank end, and moves in the 
direction of the arrow under full and steady steam pressure. At d the 
steam is cut off, and the pressure falls all along the expansion curve until 
at E the exhaust begins to open. The exhaust opens more widely and 
the pressure falls until the end of the stroke is reached. The horizontal 
line at the bottom of the diagram indicates the pressure in the condenser 
during the return stroke. At h the exhaust closes, cushioning commences, 
and the pressure rises until at p steam is admitted for the next stroke. 
G K is the atmospheric line, measurements above it are steam pressures, 
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below it, vacuum pressures; while the total measurement from top to 
bottom of the diagram gives tlie absolute pressure. 

In Fig. 29 the points of steam admission, cut-off, and exhaust occur 
in their normal positions, and show that the valves and eccentric are 
correctly placed. Fig. 30 is a diagram purposely distorted to show what 
occurs when the eccentric is too far in advance of the crank. Here every 
point occurs too soon ; the cushioning at h commences early, the full 
steam pressure a is on before the back stroke is completed, the cut-off 
is earlier than it is intended to be, and the exhaust is finished before the 
stroke is ended. The loop at a is caused by the piston moving against 
the sleam and compressing it; partly, too, by the momentum of the 
indicator. 

Fig. 31 shows the opposite defect; here the main points are all late. 



G- 



V 




Fig. 31. — Eccentric not sufficiently advanced. All points late. 



The exhaust is not closed until nearly the end of the stroke, showing 
scarcely any compression at h ; the rounded curve from p to a indicates 
insufficient lead ; and at e the stroke is finished before the exhaust opens. 
Evidently the eccentric is wrongly placed, and should be moved farther 
in advance of the crank. 

When diagrams from both ends of the cylinder show the same defects 
as regards time, that is, when all the points are either early or late, the 
fault lies in the position of the eccentric. Should opposite defects appear, 
too early at one end and too late at the other, the length of the eccentric 
rods or valve rods requires adjustment. Like defects, eccentrics ; unlike 
defects, rods. 

In Fig. 32 the dotted line d e shows the eflfect of a leaky slide valve 
which admits steam after it is cut off and maintains the pressure above 
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the line of expansion curve. The dotted line a e may be caused by pipes 
and {xissages of insufficient area, which fail to deliver steam at the rate it 
is required ; the same result appears when the regulator or throttle valve 
is partly closed. The dotted line p q may be due to insufficient lead, but 
as other points in the diagram are correctly placed, it indicates a leaky 
piston. The whole figure is above the atmospheric line, as is the case 
in all diagrams taken from non-condensing engines. 

When compound engines are being indicated, diagrams from the 
diflferent cylinders should l>e taken as nearly as possible at the same time. 
The indicator may also be used for testing pumps and air compressors, 
and is a valuable check if screwed on in place of a pressure gauge ; in 
that case the scaled length of the vertical line described by the pencil 
should correspond with the reading of the gauge. 




Fic. 32. — Indicator Lines showing Various Engine Defects. 



Horse-Power. — To ascertain the horse-power, divide the length 
of the diagram into ten equal parts, and with the scale corresponding 
to the spring used, measure the whole width of the diagram, from top to 
bottom, in the centre of each division. Add these ten measurements 
together, strike off one figure on the right, and the result is the mean or 
average steam pressure throughout the stroke. Should the totals from 
op|X)site ends of the cylinder not agree, add them together and divide 
their sum by two. 

This average pressure, multiplied by the area of the piston, and by the 
number of feet travelled by the piston per minute (stroke in feet multi- 
plied by twice the number of revolutions), and divided by 33,000 will give 
the indicated horse-power. 

In dealing with engines having more than one cylinder, the horse- 
power of each cylinder is found separately and the totals added together. 
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The indicated horse power always exceeds brake horse-power, as the 
former includes all the power absorbed by friction in the engine, while 
brake horse-power is the actual power available at the crank shaft. 

In this way a set of diagrams, taken every two or three months, not 
only shows the power developed, but illustrates the condition of those 
internal parts of the engine inaccessible to ordinary observation. Every 
six months or so it is advisable to have a more searching test, in which 
the boilers are included, to determine the cost of the power supplied. 

As work may be hindered if fires are drawn at the commencement of 
the test, the results will be sufficiently accurate if care is taken that the 
state of the fires, the steam pressure, and the water level, are alike at each 
end of the test. 

All fuel must be weighed, and credit given for any unconsumed ; the 
amount of feed water is easily checked if a tank of known capacity is 
filled, and tallied each time it is emptied into the main tank. The safety 
valves should not blow, nor should the boiler be blown off if it can be 
avoided. The test should last as many hours as continuous observation 
can be arranged for ; diagrams will be taken at regular intervals, not less 
than three times during the test. If no counter is available, the revolu- 
tions must be taken at different linies and averaged ; notes will be made 
of the pressures shown by the barometer, steam, vacuum, and receiver 
gauges ; also of the temperature of the boiler-house, engine-room, feed, 
injection and circulating water, and the overflow from the condensers. 
From these data the boiler and engine efficiency are obtained separately — 
the boiler, in pounds of water evaporated per pound of fuel ; and the 
engine, in pounds of steam or fuel per I.H.P. per hour. 
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CHAPTER VII. 

PUMPING MACHINERY. 

Pumping Engines, Types of — Geared — Direct-acting — Erecting — Connections — Pit Work 
— Plunger Lift, Fixing — Sinking Lift — Station Pumps — Riedler Pumps — Pumping by 
Water and Air Pressure — Direct-acting Pumps — Selecting a Pump for Required 
Duty — Fixing and Adjusting Direct-acting Pumps — Tailings — Centrifugal and 
Donkey Pumps — Overhauling. 

The pumping machinery used in mining may be divided into two classes : 
in the first, the motive power is at surface and the pumps actuated by rods ; 
in the second, the pump and motor are combined, placed underground, and 
driven by steam, compressed air, or electricity ; the latter class includes all 
station and direct-acting pumps. 

Those driven by motive power from the surface have distinct advan- 
tages over underground engines. They are more economical, saving the 
inevitable percentage lost when power is transmitted by steam or compressed 
air ; they are not affected by sudden inrush of water, and can be worked 
submerged if necessary ; and the surface engine is generally in better order, 
as it affords greater facility for inspection and repair. In comparing the 
working cost of the two systems, it may be stated broadly that an under- 
ground steam engine will consume about three times as much steam as a 
condensing engine at surface doing the same work. The underground 
ty'pe, however, has an advantage in respect of prime cost and initial outlay, 
and on this account is often used for preliminary work and temporary 
purposes. 

Surface pumping engines may be divided into two kinds ; in one the 
piston rod is directly connected to the pump rods, in the other gearing 
intervenes between them. Mention of the first would be incomplete with- 
out passing reference to the Cornish pumping engine, with its honourable 
record of duty, regularly and economically performed ; for many years this 
engine stood in the front rank as an economical producer of power, but 
has now given place to the multicylinder type. 

Few examples of this class are to be found on foreign mines, as the cost 
of erection and transporting their massive parts has led to the adoption of 
smaller motors driven at a higher piston speed. 

To this type belonged the well-known engines with 144-in. cylinders which 
drained the Haarlem Meer, a task which at the present time would be per- 
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formed by a comparatively small motor directly coupled to a centrifugal 
pump. 

The Geared Pumping Engine. — In all except deep or very wet 
mines, this form of engine is in general use ; it is usually arranged horizon- 
tally, and connected to the pumping crank by spur gearing. Such engines 
may be found on most goldfields, and are well suited to pumping from 
moderate depths ; the gearing, usually five or six to one, permits a high 
piston speed in proportion to the pump travel, and thus reduces the 
motor to moderate weight. A variable pumping stroke is provided for 
by holes of different radii in the pumping crank. 

Against them may be urged that on heavy loads the chattering and back- 
lash of the gearing has a disintegrating effect on the masonry, and for this 
reason the foundations have had to be rebuilt in several instances. There 
is also difficulty in handling these engines and starting under heavy loads ; 
though this certainly might be avoided by using a pair of engines, by bar- 
ring gear on the flywheel, or by detaching valve gear as used on many 
American patterns. The fact remains that these facilities are seldom 
afforded and, when the load approaches 400 ft. of 12-in. pitwork, starting 
a single engine on centre is neither easy nor devoid of risk to those turning 
the flywheel. 

In erecting a horizontal geared engine of this kind, a line squared with 
the mine shaft and set off from the centre of the pump rods will be the 
datum from which the bob loading and pumping crank foundation are laid 
off. A parallel line to the right or left, and at the required distance from 
it, will be the centre of the engine. The distance from the pumping crank 
shaft to the main pump rods in the mine shaft will be the length of the 
sweep rod, added to the length of the bob from king post to pumping pin, 
minus half the versed sine of the arc described by the nose of the bob. 

Should it be desirable to place the engine farther from the mine shaft, 
it can be arranged by introducing travelling rods between the sweep rod and 
bob. From these lines and measurements the work is laid off, as already 
described, the foundation for the pumping crank being a solid block of 
concrete if possible. Failing this, cement masonry may be used ; if neither 
is available, the only alternative is to place the engine near the bob and tie 
the bob and engine foundations together with timber struts, so disposed as 
to take the push and pull of the sweep rod. 

Care is required in running these engines, as the load is constantly 
varying in each half revolution of the pumping crank, being least when 
that crank is passing its dead centres. As sufficient steam must be ad- 
mitted for the heaviest load during each pumping stroke, the quantity is 
more than necessary when little work is being done. For this reason the 
engine cannot be run at less than twenty or twenty-five revolutions a minute, 
and this may be faster than even the shortest pumping stroke requires to 
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cope with the water. Short of slopping the engine at intervals, the alter- 
native is to pipe water back to the cisterns below in order to keep the 
pumps supplied ; this method, involving waste of power, is effected by 
opening a cock near the foot of the column. 

These engines are generally condensing, and part of the water raised to 
surface is used for injection or circulating purposes ; as a safeguard a bye- 
pass should be provided, cutting out the condenser and enabling the pumps 
to be run non-condensing in an emergency. In preliminary work, pump- 
ing and hoisting are often performed by the same engine, a combination 
referred to in the following chapter. 

Direct-Pumping Engines.— This class is represented by the well- 
known differential engine made by Hathorn, Davey, & Co. It may be 
asked why a direct engine of this type should be more suitable as regards 
weight and transport than the Cornish pattern ; the reason is that several 
cylinders take the place of one large one, these are double acting instead 
of single, and the arrangement of valve gear permits a higher working 
pressure. 

This engine is made single, compound, and triple expansion, and has a 
corresponding number of cylinders, placed tandem, and mounted on a bed- 
plate. A connecting rod attaches the end of the high-pressure piston rod 
directly to the bob and pump rods, the steam distribution in the cylinders 
being controlled by the ingenious differential valve gear from which the 
engine takes its name. (See Fig. 33.) 

The valve motion is obtained from a freely suspended rocking link, 
worked at one end by the main engine, and at the other by a small subsi- 
diary engine controlled by cataract gear ; the valve spindle of the main 
engine is attached between these two extreme points. The motion of the 
rocking link due to the main engine tends to close the main steam valves, 
while that imparted by the subsidiary engine tends to open them. Thus 
the valves are closed by the main engine, while their opening and the 
extent of their opening is controlled by the auxiliary. 

As this auxiliary is controlled by a cataract, it can be set to move at 
any rate which will admit the required amount of steam to the main 
engine. Should the speed of the main engine increase, either from 
increase of steam pressure or decrease of load, the main engine gains on 
the auxiliary, the closing of the valves is accelerated, and steam either 
throttled or cut off. 

The gear therefore forms a sensitive governor acting directly on the 
steam valves. By the side of the auxiliary is another small cylinder in 
connection with a cataract, by which the interval between the strokes of 
the main engine can be regulated from a mere pause to fifteen or more 
seconds. As the result of this arrangement, pumping is economically 
perfonned even when the pumps themselves exceed the capacity re- 
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quired— a point of considerable importance where wel and dry seasons 
prevail. 
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In erection this engine does not differ materially from an ordinary 
horizontal, but being direct acting, the centre line of the pump rods and 
bob will also be the centre of the cylinders. The condenser usually stands 
by the side of the main engine, the air pump being worked by a rod from 
the axle of the quadrant. As the length of the stroke is not controlled by 
a crank, catch wings are provided on the pump rods and bumper beams 
under the quadrant. 

These differential engines have been selected for what is probably the 
heaviest installation of pumping machinery on any gold-mine in the world 
(the Tasmania gold-mine). The three engines each have high-pressure 
cylinders 50 in. in diameter, low-pressure cylinders 108 in. diameter; 
stroke, 10 ft. ; working pressure, 150 lbs. per square in. To each engine are 
connected main rods 22 in. sq., operating four plunger pumps 20 in. 
diameter by 10 ft. stroke, and lifting a vertical height of 500 ft. each. The 
complete installation is to be capable of raising 8,000,000 gallons a day 
from a depth of 2,000 feet. 

The following hints on working the engine and adjusting the valve 
gear are extracted from the instructions furnished by the makers: — 

Before starting, open all drain cocks and warm the cylinders by 
admitting a little steam ; all drain cocks should be connected together to a 
common pipe leading to the condenser, otherwise the low-pressure cylinder 
will not be drained. 

The differential gear should be worked for a few strokes by hand, by 
means of the lever provided for the purpose. When the gear works freely, 
the engine may be started and reversed by hand for a few strokes ; then 
connect the reversing motion and run the engine on a short stroke until 
full load and vacuum are on. 

See that the cataract does not work too fast. Should it do so, it 
will not control the engine, and the supply of steam >vill have to be 
regulated by the stop valve, which is extravagant in steam and unsafe in 
case of sudden loss of load. The cataract cylinder must be full of clean, 
preferably condensed water; the feeder must be attended to and kept 
constantly full. 

If the main pistoil works too near one end of the cylinder, the position 
of the expansion slide can be varied by the adjusting rod with right and 
left hand coupling. In addition, there is generally an adjustable cross-head 
on the expansion valve spindle by which the position of the slide can be 
varied. 

VVhen trip gear is fitted to a large engine, the springs should not be too 
tightly compressed. The springs and adjusting plug ought to be so 
sensitive that a moderate increase in the speed of the engine will cause the 
valve to trip. 

Where circular compression valves are provided on the high-pressure 
cylinder, it is usually best to adjust them to compress the steam at three- 



92 GOLD MINING MACHINERY. 

quarters stroke at starting ; altering them gradually to compress later in ihe 
stroke after ihe engine has fairly started and obtained full vacuum. The 
exact position best for each engine can only be ascertained by trial. 

To lengthen the working stroke, lower the die in the cut-off lever. To 
shorten ihe stroke, raise the die in the cut-off lever. 

When the required length of stroke is obtained, move the lappets to 
position for reversing the gear. 

To reduce the speed of the engine, it is best to make pauses of longer 
duration between strokes, by screwing in the pausing cataract plug ; do 
not alter the speed of the main cataract. 

Coanections. — 'I"he motion derived from the engine being horizontal, 
it must be altered to suit the angle of the mine shaft ; this is done by the 
Tee bob or quadrant, the upper end of which is connected to the pumping 
crank by the sweep rod. For heavy lifts quadrants are preferred, and are 
constructed of steel plate, sometimes stiffened by a timber filling. 

The wrought-iron bob at the Thames Hauraki Mine weighs « tons, 
and transmits the geared strain of a compound condensing engine, with 
cylinders 30 and 60 in. in diameter by 5 ft. stroke. In ordinary practice 
the principal members are timber beams, trussed with wrought-iron bridles ; 
the sweep rod is attached to the top of the upright, or king post, and the 
bridles transmit the strain to the pin at the end of the queen post. In 
vertical shafts these two members stand at right angles to each other ; in 
incline shafts the queen post, at half stroke, will always be at right angles 
with the underlie of the shaft. 

Sometimes bobs arc shored up with timber from the pumping nose to 
the top of the king post ; this ought not to he necessary, as the pump rods 
should always exceed the weight of water to be lifted by the force pumps, 
and the strain between these two points is therefore tensional. 

The l>alance in the box should be equal to half the weight of the 
pump rods ; so that on the up stroke the engine lifts half the weight of the 
rods and on the down stroke raises the balance weights, the pump rods 
being then balanced by the rising water and friction in the pipes. In deep 
mines the mere weight of the rods is a considerable strain on the upper 
meml>crs, and is relieved by balance bobs placed at intervals of a hundred 
fathoms or so in the shaft ; these serve to balance, or take up, any excess 
in rod weight beyond Ihnt required for working the pumps. 

Angle Itobs arc introduri-d at points where the shaft deviates from its 
usual direction. At lialf stroke each limb of the bob will Bland at right 
tingles to ihc line of rods to which it is c 

The pin on ihe king [K>st is level wilh ^^^^^^H|Bft^lBft, and a 

10 ft. or mon; high) ttwh^d^^^^^^^^^BikMHl t' 

main bearings fixed waw SyOCjS 

iH-tx'Maiy to keep theoi 
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When lifting pumps are employed, the first piece of main rod often 
rests on the bob, instead of hanging from it ; by means of a set-off on this 
" sky-pole," the water is raised above the level of the bob and delivered at 
surface. 

Fig. 34 is a plan of a bob loading and pit, showing the bob in position ; 
the line a b is seldom set out from the centre of the pumping com- 
partment, as by placing the bob on one side more room is left for ihe 
column. The crow and bolt holes in the loading are laid off from the 
centre c d ; this line being measured from the centre of the pump rods, 
after allowance has been made for the vibration of the bob nose, and 
squared from the line a b. 

^*g' 35 is an elevation of the same bob, suitable for a pair of 18 in. 
^y 3J ^t- geared engines with a pumping stroke of 6 ft. The sectional 
view of the balance box shows how the frames at the front and back ends 
are arranged. In assembling the bob, care should be taken that the three 
main pins lie in the same horizontal plane and are not twisted with each 
other ; the bridle ends under the balance box are tightened until a slight 
camber is given to the main beam. 

The main rods forming the connection between the bob and pumps 
are seldom hung in the centre of the pumping compartment. If placed 
on one side, more room is left for the columns, or rising main. They are 
composed of lengths of wrought-iron or timber rods, the latter material 
being more generally used; with the exception of those attached to 
direct-acting engines, their total weight must exceed that of all water 
lifted by any forcing pumps. Their diameter is seldom constant 
throughout the whole length, but is gradually diminished as depth is 
attained. When the rod is made of pitch pine or wood of similar weight, 
the general rule is to let each side of the square baulk be not less than the 
diameter of the force pump attached ; naturally, all weight added in the 
form of bolts, strapping plates, and connections, is also effective. In 
order to avoid frequent joints, the longest baulks that can be obtained 
and conveniently handled are selected ; care is taken that the timber is 
sound, free from shakes and flaws. At the joints, the ends of the baulks 
are squared, butted together, and secured by strapping plates and bolts, 
four plates to each joint. 

To prevent bending under the compression due to superincumbent 
we^ty the main rod is stayed at intervals of 25 to 30 ft., thin planks being 
boiled to the four sides to protect them from wear in their passage through 
See A, Fig. 36. In case of heavy wear on any particular stay, 
ksdf is protected by a piece of round iron let into the cross bar. 
ave bohed to the rod at intervals, so that in case of breakage 
*e rod would be taken by the bearers below. See b, 

it is necessary not only to support the rod against 
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bending, but to take up its weight, 
and rollers therefore take the 
place of stays ; supports are 
always placed more closely to- 
gether when the rod is worked 
by a double-acting engine, such 
as the Haihorn l>avey. 

Pit Work. — The pumps 
attached to the main rods are 
generally on the Cornish system, 
in which high pressures are 
avoided by pumping in stages. 
Each complete set of pumps is 
known as a "lift," and the dis- 
tance between them is about 
140 ft. ; each lift discharges into 
a cistern placed 140 ft. above it, 
whence the water is again drawn 
by the lift above. Each pump is 
of the ram or force type, the 
water being lifted by the displace- 
ment of a "pole"; but the lowest 
lift, having no fixed position in 
the shaft, is always a bucket, or 
drawing lift. 

Although the usual height of 
a plunger lift is Z40 ft., this dis- 
tance may be increased or di- 
minished in order to enable the 
pump to deal with the water 
coming from any particular level 
or cross-cut. Still it is not ad- 
visable to greatly exceed this 
limit, as the lai^e valves, or 
"clacks," of the Cornish pump 
are suited only to moderate lifts, 
and at higher pressures close 
with considerable shock. This 
trouble is augmented as the 
speed is increased, and about 
twelve strokes a minute is the 
maximum for this class of pit 
work. 
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Fixing a Plunger Lift- 
each pump is almost invariably fixed on one side or 
ihc other of the main rod, and the bearers on which 
it rests therefore stand |)aralld with the dividings of 
the shaft. These bearers will be so placed tliat the 
cistern in which the pump stands will Ik; slightly 
below any adjacent mine level or cross cut, so thai 
any water making at that depth may be led direct 
to the cislern instead of finding its way farther down 
the shaft. 

Having determined on the position, the hitches 
in which the bearers arc lo rest may be made ; pre- 
ferably thpy are cut out of the solid rock with moyles 
and gads. In very hard rock, holes a few inches 
long may be bored and fired with half or a third of 
a plug of dynamite, the greatest care being taken not 
lo shatter the face of the rock. Naturally, the hitches 
will not be reliable if cut in an overhanging shelf, 
nor unless the ground immediately beneath them is 
sound. The depth lo which it is necessary to cut is 
a matter depending more on the soundness than the 
hardness of the ground ; in country thoroughly sound, 
free from scams and slips, 2 in, is sufficient, since the 
weight is taken more by the ends than by the area on 
which the bearer rests. 

The hitchus being squared up and levelled with 
each other, the bearers may now be cut to length and 
pul in, one at a time; each is wedged tighlly at one 
end, first with wooden wedges, then wilh thin iron 
one.s. If this wedging is thoroughly done, the .slight 
swelling of the timber with the dampness makes ihe 
hearer firm as the rock iiself. The size of the bearers 
depends on the weight of the lift and the width ol 
the shaft, or distance between points of support; 
usually there are three, placed one over the other, 
each being the same size as the main rod. 

The cistern is now placed in its position on the 
bearers; in it rest ihf suction pipe, or "windbore," 
which supports the weight of the rising main, and 
the dead end (often a piece of timber), which sup- 
ports the pole case. On these rests the H piece, 
which connects the pump lo the rising main, and con- 
tains ihc bottom clack; the pole case is bolted to 
the side of the H piece nearest the main rod ; on the 
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opposite side the top clack piece is fixed. On the top clack piece comes 
the rising main, and if the pump is being fixed near the bottom of the 
mine, the lowest pipe in the rising main is usually bored as a working 
barrel, with a diameter slightly smaller than the rising main pipes. 

By this means, should the plunger pump give out while drowned or 
submerged, it ran be converted into a drawing lift. This is done by 
lowering a drop clack into a seating prepared for it on the top clack box, 
and by lowering a bucket into the working barrel at the foot of the rising 
main ; the pump may then be worked as an ordinary bucket lift until the 
plunger is redeemed. At its upper end the pole case is steadied by a 
piece of timber thrown across the shaft, and the rising main is steadied 
and supported by stays, placed at intervals of about 50 ft. The pole, or 
plunger, is cast hollow, and turned parallel on the outside. It must be 
carefully fitted to a timber stocking-piece about 6 ft. longer than the pole 
itself. The upper end of the stocking, where it projects from the pole, 
is square in section ; the lower end is secured to the pole, first by wooden, 
and afterwards by iron wedges. A leaky stocking-piece is an awkward 
matter to rectify ; on the other hand, it is possible to wedge up too tightly 
and split the iron casing. 

The complete pole, with its stocking, is now lowered into the case, and 
a distance piece prepared corresponding in thickness to the interval, or 
space, between the stocking and the main rod. Before connecting the 
pole, the total depth of the case should be measured and noted, also the 
depth from the gland to the lowest bored part of the stuffing-box. This 
latter distance is now measured off on the pole from its lower end, and 
marked on its side ; when this mark is level with the top of the stuffing-box 
gland the pole may be connected, provided the rods are at their highest 
point in the stroke. If the rods are at their lowest point, the pole is 
lowered into the case the same amount, plus the length of the pumping 
stroke. The connection is made by staples and glands, as shown in Fig. 
36. In attaching a pole to rods operated by a crank with variable stroke, 
allowance must be made for possible lengthening of the pumping stroke. 

The clacks are faced with leather, and their seats made tight in the 
boxes by a binding of tarred blanketing ; chains and screw shackles are 
hung over the doors to take their weight when open for adjustment of the 
clacks. The general arrangement of all the working parts is illustrated in 
Fig. 36. 

The Drawing Lift.— The lowest pump in the shaft is always a 
bucket or drawing lift, this type being fixed in no permanent position 
like the plunger, but being free to follow the increasing depth of the shaft. 
It consists of a windbore, clack piece, working barrel, and rising main ; 
in this case the rods attached to the bucket are placed within the rising 
main. 

G 
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The windbore of the drawing lift rests on the bottom of the shaft, and 
as the depth increases the lift is lengthened by adding pipes at the top. 
To provide for the varying length of lift required, short pipes, known as 
matchings, are supplied. Thus the pipes added to the lift would be 
successively 3, 6, and 9 ft. long. In order that the rods may maintain 
their relative length to the lift, their upper end terminates in a pin-plate ; 
and by engaging successive holes with the set-off, the rods may be 
lengthened until the depth is sufficient to admit a short rod being added. 
When a telescopic windbore is used, the weight no longer rests on the 
bottom, but must be taken up by yokes around the top of the lift. See Fig. 
36. When a door piece is not provided for convenience in changing the 
bucket, the whole length of rods must be drawn from the lift each time the 
bucket is changed. Spare buckets and clacks are always kept on hand. 

Fig. 37 shows a complete bucket for a sinking lift, the working barrel 
being shown in section, a is the prong, b the form, c the leather gearing, 
D the ring, g and h the gib and cotter. It may be noticed the exterior of 
the form and interior of the ring are portions of a cone having its apex at e. 
This y)oint e is the centre from which the bucket gearings are marked off, 
usually a wooden template is cut, as shown by the dotted lines. The 
length of the gearing must be such that two ends meet neatly when placed 
around the form. 

The ring is then driven on, and, tightened by the cotter, keeps the 
gearing firmly in position. The height the gearing is allowed to project 
above the form is an important point, and depends chiefly on the condition 
of the working barrel, though it also increases slightly with the diameter. 
For moderate size pumps, from 9 to 12 in. diameter, three-quarters of an 
inch is sufficient. This may be increased to i^ or ij in. when the work- 
ing barrel is worn and no longer parallel in its bore. Any additional height 
beyond that actually sufficient only increases the friction of the pump and 
adds little to the life of the gearing. 

The appearance of the water, as delivered at the head of the column, is 
an indication of the condition of the pump. Thus bubbles of air show a 
leak in the suction pipes. Frothy water, ^sometimes violently ejected, is 
caused by air being drawn through the windbore ; the pump is ** in fork," 
the suction holes no longer submerged. The bottom clack is leaky if the 
water does not remain level with the top of the column while the rods 
make their downward stroke. Water rising and falling with the motion 
of the bucket, but not being pumped, tells the pitman the bottom clack is 
trigged up. In the opposite case, when water remains at a constant height 
and receives no motion from the pumping strokes, something is amiss 
with the gearing or clack of the bucket. 

Jack Head Pumps. — There is another variety of pump also worked 
by rods, and known as the " jack head." It is a drawing lift with a cover 
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over the working barrel provided with a stuffing-box through which the rod 
works. As the bore of the barrel and the centre of the stuffing-box must 
be aligned with the rods, this form of pump must be almost as carefully 
fixed as the plunger lift, and since it has not the corresponding advantages, 
there is little justification for its use. 



Station Pumps. 

Station pumps are permanently fixed in position underground, and 
driven either by steam, compressed air, electricity, or hydraulic power. 
When once submerged most of them are useless, hence, as a matter of 
precaution, they are generally duplicated, and are not placed in position 
until considerable ground has been taken out around them, and a large 
lodgment for water secured. 

The foundations required depend on the motive power and capacity of 
the pump. An ordinary steam pump may he laid on any convenient 
bearer, but it is not advisable to push this advantage too far, and, unless 
properly secured to its foundations, the jar of constant stroke reversal soon 
causes leaky joints and connections. 

The more complex forms require special chambers, concrete founda- 
tions, and are secured by anchorage bolts let into lewis holes either in the 
concrete or solid rock. 

Station pumps are generally worked on a different system to those 
operated from surface. The latter are kept constantly at work, being 
regulated in the engine room to the speed required to cope with the coming 
water. Station pumps, being generally of ample cajjacity, are seldom 
worked continuously. The water is allowed to accumulate in the mine, 
and rapidly sent to surface by a few hours' pumping. This plan answers 
well enough when the water is not heavy and there is ample lodgment 
room, but few, if any, really wet mines are drained entirely by this 
method. 

A feeling exists among many mining men that delicate, high-speed 
machinery is out of place when permanently fixed underground. They 
want to know what the repair and renewal bill will amount to in five years 
should skilled attendance not be available, and prefer the simplicity of the 
Cornish system, in which ordinary running repairs can be done by most 
intelligent miners. The same man who could change a bucket or tighten a 
blowing pole might, with the best intentions, ruin a high-speed motor. In 
mines where the water is not a serious item, these pumps certainly possess 
advantages. They occupy less valuable room in the shaft, are suitable for 
lifts of a thousand feet and over, and offer a choice of alternatives as 
regards motive power. 
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On the other hand it must be admitted that the noise made by all forms 
of geared pump is greatly increased by the confined surroundings, that 
rapidly moving parts require constant lubrication and attention, that solid 
foundations are necessary to absorb the vibrations due to frequent 
reversal of motion, and that, for safety's sake, the installation should be 
duplicated. 

The Riedler Pump —The principal features of this pump are the 
valves, and the mechanical arrangements for closing them at the end of the 
pumping stroke. There is but one valve for the suction and one for the 
delivery. Each is a circular bronze casting fitted with inclined vanes which 
ensure a partial rotation at each pumping stroke, and secures even wear on 
both valve and seat. Neither of these valves is in any way controlled by 
springs. At the commencement of each stroke a free and automatic lift of 
I or 2 in. is allowed ; while, at the end of the stroke, the valves are closed 
by rocking gear worked from the crank shaft. As the result of the ample 
valve area and lift provided, the speed of the water in the passages is reduced 
to a few feet a second ; while the positive closing action secures remarkable 
freedom from slip, even when running at very high speeds. It is owing to 
the mechanical valve-closing that speeds of 300 and 400 pumping strokes 
a minute are not only obtainable but run with high mechanical efficiency ; 
while the speed allows a small, light pump to be of relatively large 
capacity. 

For station work two rams, generally of different diameters, are 
mounted tandem and driven by a crank and connecting rod, the crank 
shaft being worked by any rotary motor. The arrangement may be either 
horizontal or vertical, the duplex form being particularly suitable for this 
work, as one side can be held in reserve, and both coupled up in an 
emergency. 

This pump may be driven by belt, gearing, or ropes, but the high speed 
renders it particularly suitable for direct connection to Pelton wheel or 
electric motor. In the latter case shunt winding is preferred, and as the 
pumping is done by numerous strokes of small capacity, the load on the 
motor is uniformly maintained, and a light torque required. 

The following test of an electrically driven Riedler pump was made 
under working conditions underground. The two rams were each 6| in. 
in diameter by 9 in. stroke, and driven at 400 strokes a minute by a geared 
electric motor of 75 H.P., making 500 revolutions a minute. The current 
actually supplied at the pump, 101 amperes at 459 volts ; the water pressure 
on the delivery valves, 195 lbs. per square inch. 

Under these conditions 380 gals, of water were delivered a minute, or 
over 90 per cent, of the theoretical displacement ; while the efl^ciency of 
the pump and motor was 85 per cent, of the power supplied. 
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Standard Power-Driven Riedler Pumps, Single Differential 
Plunger. 
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The above table gives stnne uf ihe sizes made by Messrs Fiaser & Chalmers, sule 
manuhctuiers c>rthia pump fur Great Drilain and ihe Colonies. 

The Multiple Ram Pump, placed hgrizontally or vertically, and 
driven by eleclricity, compressed air, or both, is extensively used for slation 
pumping. Machine-cut spur gearing is interposed between the counter- 
shaft and crank-shaft from which the rams are driven, the ratio of gearing 
being four or five to one. In all staiion work, the height to which the 
water is to be raised is not divided into lifts, as in the Cornish system, but 
the capacity of the pump is proportioned to the power applied, so that the 
water is raised to surface at one lift. As the vertical height often exceeds 
a thousand feet, the pressures are severe, and the ram pattern is preferred 
to the piston, or double-acting type. To secure an even turning moment 
on the shaft, three rams are usually driven by cranks set at an angle of 
I30* with each other. When arranged horizontally, the ram cases are 
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bolted directly to the base-plate carrying the shafting. This is shown in 
Fig. 39, an illustration of a treble ram pump, by the Sandycroft Foundry 
Company, Chester. The design permits easy access to all the working 
parts, especially the valves and packing glands. The horizontal arrange- 
ment occupies rather more room than the vertical, in which the ram cases 
are bolted to the base-plate, and the crank shaft carried by overhead 
girders supported on columns. 

The following table gives the sizes, capacities, and power required for 
varying lifts in some of the standard arrangements of treble ram pumps ;— 



, DUmcler of plun^jeis, ID inches - 3 4 4 5 

I Sinike, in inches . . . . 4 . ^ 6 6 
I Diameter of pipe connvclion^ in 

Deliveiy . ■ il ' 2 2 jj 

Soclion 2 2h 3\ jX 

! Diameter of pullets, in inches . .116x4 18x4 ioic4^36x5 

, Average levtduiions of crank shafi, 1 

pel minute ' 50 50 40 40 

Gallonsorwalerdelivcretl. ]icrminute ' 14 I 15 jo 50 
' Brake horsepower requiieil al 50 



i-olut 
Tolal lilt, 50 ft. 



3.48 4.65 6.66 



r.o8 J.70 4.47 6.96 



The various forms of direct -acting pump are (rftcn used for this purpose, 
and when driven by steam, are compounded and fitted with condensers. 

Station pumps may also be operated by hydraulic power, either supplied 
through an accumulator, or directly from the pump at surface to that 
underground. In the latter case the pump underground keeps time and 
stroke with the motor at surface, the hydraulic supply circulatir^ between 
the two, and requiring an up and down pijie for the purpose. Very little 
use is made of hydraulic {Kiwer in mining, [wobably because, unlike 
electricity and compressed air, it is not readily applicable to puiposes 
other than pumping. 

In mountainous districts it is often possible to obtun a su[^ly of water 
at high [vessure for a very moderUe outlay, and a jet is oqiable of ndsing 
water without the intenrention of any pumpB. Tbe wnngemoit is <m the 
imii.ii4i- ci iIk inivvlvi. ihc hiiti.iulii mi;'j>I\ i.- i>tjv.-d titiHMlli the water to 
be |iuni|x-it. and j jti din.-\ti-d \trticadly into tb\- <.'[ki\ foot nf the delivery 
column. UnloftuiMlcly thb fJMritrtlll cannot dnin a shaft or winze to 
" ' i taay be drained in, this 

k Mine the 
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used is t J ill. in diann^ler, and issues under a jiressure of S70 Ilis. per 
squart inch at a veludty of 340 fl. per second- Under ihijse conditions 
a hydraulic supply of 1.450 gallons a minute raises z,6oo gallons of mine 
water a height of nearly 200 (i. Without increasing the pressure, a much 
greaiiir lift could he made with a corresponding diminution in the quantity 
lifted. The intake and jet are situated 70 ft. liclww the surface of the 
water to be pumped. This depth is not essential to the working of the 
but serves tu check the vibration caust:d by high pressures. 



Kntht 



Air Lift— Compressed air offers another means of raising water 
Ithout the use of a pump, but here again the intake must be well sub- 
merged, as the principle involved is ihat a column of mixed air and water 
is lighter than an equal column of water only. The inlet being lowered 
about ao ft. below the water to he raised, compressed air is admitted at 
the bottom by a pipe which may be either inside or outside the rising 
main. The submei^ed 20 ft. of pipe becomes filled with mixed air and 
water, and is forced upwards by the greater weight uf the unmixed water 
outside the delivery pipe. About 70 ft. is the limit for one lift, the exact 
height depending on the air pressure and the submersion of the intake. 
Naturally the quantity of water delivered with any given air pressure 
decreases as the height of lift is increased, but the whole arrangement is so 
simple as to be worthy of more extensive use. There are no moving parts, 
and consequently no wear, even when dealing with gritty water ; no special 
jets arc required, the whole thing can he made from a few lengths of ■ 
piping, and the cost of the compressed air used is often less than Jd. per 
thousand gallons of water raised. 



^H Direct-Acting Pumps. 

Direct-acting pumps may be divided into two c1as.ses, according as the 
steam valve is positive or not positive in its action. Positive pumps are 
fitted with a crank shaft and flywheel, and the valve is worked by an 
eccentric in the usual way, On account of their extra weight and space 
occupied, they are seldom used for any purpose but boiler feeding. 

In non-positive pumps the valves are actuated by the same motive 

, steam or compressed air, that works the pump ; they are held in 

k at most mining centres, and are therefore easily obtainable. They 

, portable, easily and quickly i?rected, will work in almost any 

ilion, and require no special foundations. These advantages render 

a paiticubrly suitable for preliminary work and temporary use ^ under 

" "ins a mote economical type might be desirable. 

x: worked by steam or compressed air ; the latter is mote 
iquires a pump in thorough order and adjustment. When 
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steam is used, condensed water assists in keeping the working surfaces 
tight, while air gives no such assistance. Hence it follows that a pump 
may work under steam which will not be satisfactory under air pressure. 

Their steam consumption is considerable because, (i) there is no period 
of expansion in the stroke, full steam pressure being on until the exhaust 
is opened ; (2) as the length of stroke is not regulated by a crank, its 
variable length necessitates ample clearance at the cylinder ends : (3) 
they are generally run with wet steam and under most disadvantageous 
conditions. 

In addition to its innate shortcomings, this pump is often unfairly 
treated, being run at its highest speed and allowed to work for long 
intervals at this rate with a minimum of attention and lubrication. Then 
again, it is blamed for not doing impossibilities. Being a pump it is con- 
sidered capable of lifting to any height anything that will flow through a 
pipe ; and a low service pump, with steam and water cylinders nearly 
equal in diameter, is condemned because it does not raise water 200 ft. with 
steam that was 60 lbs. at the boiler, a quarter of a mile away. Or it may 
be condemned because not adapted to the particular work required of it, 
as was the case with a certain Duplex pump, which had no packing in the 
water end, only brass plungers working through bored bushes. This 
arrangement answered so well, and required so little attention at surface 
that the pump was given the post of honour, sent underground, and used 
for shaft sinking. Under the altered conditions it became a constant 
source of worry and delay, the gritty water cut the plungers and bushes to 
pieces in twelve days, and their life never exceeded a fortnight. 

Selecting^ a Pump. — In selecting a pump for any particular duty the 
diameter of the steam and water cylinders must be in proportion to the lift 
required and working pressure available. The two ends of the pump form 
an equation as it were, and the area of the steam cylinder multiplied by the 
working pressure must equal the area of the water piston multiplied by the 
water pressure. It may be worth while to take an example and run through 
the figures to see how these sizes are determined. 

Suppose it is required to raise 10,000 gals, of water an hour a vertical 
height of 462 ft., the working pressure on the steam piston being 60 lbs. 
per square inch. In the first place, to provide for slip and contingencies, 
we add 30 per cent, to the quantity of water to be raised, and provide a 
total of 1 3,000 gals, per hour, or 2 1 7 gals, a minute. 

This will require a displacement of 60,967.59 cub. in. ; if the pump is 
to run at the rate of 50 strokes a minute, there must be a displacement of 
1203.35 c"^- *"• per stroke ; and if the pumping stroke is to be 18 in., 
then 1203.35 divided by 18 gives 66.85 sq. in. as the area of the pump 
piston. This means a diameter of 9/^ in., so we fix on 9^ in. as the size 
of our plungers. 
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The pressure due to a column of water 462 ft. high will be 200 lbs on 
the square inch, and this multiplied by the area of the plunger (66.85 sq. 
in.) gives a total resistance of 13,370 lbs. to be overcome by the steam 
piston. As the steam pressure is 60 lbs., we get 13,370 divided by 60, or 
223 sq. in., as the area of the steam piston ; this corresponds to a diameter 
of 16 in., but to overcome the water friction in pipes and passages, an i8-in. 
steam cylinder would be provided. 

When dealing with gritty water, the plunger, or ram, pattern is pre- 
ferable ; the packing is then external, any leakage visible, and can be 
rectified while the pump is running. This type is, however, heavier than 
a double-acting pump of equal capacity. 

When a piston pump is used on gritty water, packing lasts longer than 
cup leathers, but causes more wear in the working barrel, as particles of 
grit become embedded in the fibrous packing. The water cylinder should 
therefore be fitted with a removable lining, not a practically irremovable 
one, forced into its place by screws or hydraulic power, but fitted with 
flanges at the end and bolted into position. 

It must be noted that, on account of the unbalanced weight of the 
steam valves, some of these pumps only work well in the position for which 
they were designed ; a horizontal pump may not be satisfactory if hung 
vertically, and via versa. Those in which the steam valves are partly 
actuated by the movement of the piston rod lend themselves more readily 
to alterations of position than others having valves actuated solely by steam 
or air. 

If clean water only is l^eing handled, metal to metal faced valves and 
seats answer very well, but for underground work a yielding face is required, 
such as leather and the many forms of rubber ; in every case these facings 
should be renewable without special appliances. 

A pump with a long working stroke should always be chosen ; under 
given conditions the life of the pump depends on the length of its stroke. 

Fixing^ the Pump. — All these pumps should be fixed as closely as 
{)ossible to the water they are to lift; theoretically it may make no difference 
whether the water is forced up the delivery or drawn up the suction, in 
practice it does. In extreme cases water may be drawn from 27 or 28 ft. 
below the suction inlet ; still it is always advisable to have the suction pipes 
as short and direct as possible. Many of these pumps will work in any 
position, and may even be hung by chains in the shaft ; when possible they 
should be bolted down to a timber bearer, and being in this way raised a 
foot or more from the ground, they are out of the dirt and more accessible. 
If used for sinking, they are placed on a platform or sollar, and thus pro- 
tected from flying stones when blasting ; the armoured suction hose is 
removed when the holes are ready for firing. In making the water con- 
nections, all elbows, trees, and quick turns should be avoided. The suction 
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pipe must not be smaller and may with advantage be larger than the inlet 
on the pump ; its lower end should be protected by a strainer, and provided 
with a foot valve if pumping from a sump. 

No additional load is thrown on the pump by increasing the size of the 
delivery pipe, and friction will be avoided by using a pipe a size larger than 
the outlet calls for. An air vessel affords an elastic cushion and protects 
the pump from shock at the end of the stroke ; if not provided with the 
pump, it is easily arranged for by screwing a closed pipe into a tee inserted 
at the foot of the column. 

In steam -actuated pumps provision for draining off condensed water 
must be made at the foot of the steam and exhaust pipes, and the former 
must be as efficiently protected as circumstances permit. One of the 
simplest plans is to place the steam piijc wiihin another pipe of i or 3 in. 
greater diameter; then if the centre pipe is kept approximately in the 
middle of the outer one, and the space between ihcm closed at each end, 
the steam pipe is not only protected from wet, but the air space lieiween 
the two is a capital non-conductor of heat. When protected in this way, 
steam may be carried for thousands of feet. The plan is best suited to 
vertical pipes, horizontal ones are laid in a trough and packed around with 
some non-conducting substance. 

The expansion of pipes under steam is about half an inch in 50 ft., 
but as the pipes are seldom rigidly connected at both ends, no special 
provision is called for. All long runs of piping in mine shafts must be 
stayed at intervals of about 40 or 50 ft., as a precaution against vibra- 
tion caused .by the intermiltent action of the pump ; this applies also to 
delivery pipes, which are affected by the pulsating current within. The 
exhaust from the pump, when steam is used, is piped to surface; even when 
condensed it seriously increases the lemijerature around the pump. 



Particulars of Pumps. 

Fig. 40 illustrates the valve gear of the well-known Tangye pump ; the 
slide valve u is carried longitudinally on its face by the piston valve c, the 
spaces L at the ends of this piston valve being in communication with 
the s:eam supply. The action is as follows: — As the main piston approaches 
the end of its stroke, it lifts a tappet valve r, allowing the steam from the 
space Lto exhaust through'tbe small pipe j, to the exhaust end of the main 
cylinder. The piston r is now no longer in t-iiuililirium, iind ii moved by 
the steam [treasure on its upiiosiic end, carrying with it the main ^Vide, and 
reversing the stroke trfth^ 

' ' f steam pressure, the form »hown 
1] position ; but thosf patterns 
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in which the valve piston is at righl angles to the main piston work equally 
well in either position. 

The water end is litied with two suction and two delivery valves arranged 
in pairs, the delivery being above the suction and working on the same 




spindles, each valve being controlled by a rubber buffer 
pumps are made in a large variety of sizes, and, w' ' 
arrangements of water valves, are easily obtainable i: 
the world. 



spring. Thes^e 
th various types and 
almost every part of 
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The Knowles Pump has a steam 
valve actuated by an arm on ihe piston rod, 
which rocks a lever, one end of this levi-r 
being connected with the valve spindle ; the 
rocking motion thus impartud to tht; piston 
valve places its ports in the position for 
reversal. At the end of each stroke the 
piston arm meets collars on the ^'alve spindle, 
and the longitudinal motion given to the 
ensures the reversal of the main piston 
and prevents it from striking the cylinder 
This pump does not slick even at 
low speeds, it reverses quietly, wilh almost 
k a pause at the end of each stroke ; the action 

reliable, and it is as economical as this 
form of pump can be. 

The Duplex Pump consists of a pair 
of pumps, placed side by side, each actiiaiing 
the slide valve of the other by rocking levers 
worked from the piston rod. Its action may 
be considered as semi positive, being positive 
as long as both pumps are in order; but it 
is evident that, if ihe load is lost on one side, 
that side tends to move more rapidly, and 
cuts o({ the steam from its companion long ' 
before the stroke is completed. When com- 
pared with single pumps of equal capacity, 
the Duplex aie heavier, occupy more room, 
and have twice the number of wearing and 
moving parts. The water ends are made in 
many patterns, single and double plungers 
being fitted as well as packed pistons ; for high 
lifts, each valve is placed in a separate box. 

In the Cornish Steam Pumps nude 
by J. Evans & Sons, U'olverliamplon, the 
slide valve is carried by a hollow pision 
valve ; within this piston lies a second, which 
governs the movements of the )>iston valve 
surrounding it. As the pump piston a|>- 
proaches one end of its stroke, it uncovers 
ports admitting steam from witbin the 
' cylinder to one end of the inner piston valve ; 
this valve, in its •"■■ 
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necting with the main piston valve, and thus reverses the pump. There are 
in addition some special features worthy of notice; the main ports are 
placed level with the bottom of the cylinder bore, enabling the cylinder to 
be completely drained at each stroke when the pump is working horizontally. 
The absence of all external and unprotected gear is also a point in their 
favour. In common with other pumps having a compound reversal, or 
reversal effected by two separate motions, there is less jar and shock at the 
ends of the strokes, the action is smooth and wear diminished. When re- 
quired, a condenser connected to the suction can be supplied ; this arrange- 
ment obviates the need of long exhaust pipes in underground work. 

The water ends contain packed pistons, plungers or double plungers, 
the two latter forms being preferred for lifts exceeding 300 ft. 

Fig. 41 illustrates the Evans Straight-line pattern pump for shaft 
sinking; it is suitable for heads of 600 ft. and steam pressures of 100 lbs. 
It will be noticed there is entire absence of all external gear likely to be 
damaged in the rough handling to which these machines are subjected. 
All parts may be easily examined without any unnecessary disconnections, 
and the whole pump can be suspended from the bridle chains attached 
to bolts passing through the cylinder flanges. 



Particulars of Stock Patterns of the Straight-Line Sinking Pump 
suitable for 600 ft., illustrated in Fig. 41. The ** displacement of ram" 
column refers to the difference in diameter of the two parts of the ram. 
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Approxi- 
mate 
Weight. 

Cwt. 


Gallons per 
Hour, at 

100 Feet per 
Minute. 
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It would take up too much space to refer in detail to all the forms 
and varieties of direct-acting pump, but there is, or used to be, one made 
in U.S.A. in which the valves were excellently arranged for mining work. 
The pump was known as the " Niagara," and the four water valves were 
placed in a chamber closed at each end by a circular door ; these doors 
were mainly kept in position by a bolt passing through their centres, and 
in the smaller sizes all four valves were actually accessible by slacking up 
this one bolt. 

The rectangular opening in which each valve worked extended right 
across the valve chamber, a rectangular slot in the bottom of each opening 
forming the water way. The brass valves were hollow squares in section, 
for medium size ])umps being about 7 in. long by 3 in. square; each 
valve thus afforded four separate beats or wearing surfaces, and if one was 
damaged, it was only necessary to take the valve out and turn it round. 
For dealing with dirty or gritty water, the valves were faced with rubber ; 
while when no spare valves were available, pieces of hard wood answered 
equally well. By removing both covers from the valve chamber, a file 
could be passed right through, and damaged seatings refaced ; in fact, 
the water end bristled with so many good points that it is curious no 
English maker has ever worked on the same lines. 

Adjustments. — All these pumps, having a non-positive valve motion, 
are liable to become tricky and uncertain in their action after having seen 
considerable service; the weak spot is usually easily found, in fact the 
simplest causes are often the most difficult to detect. This was the case 
with the Tangye pump, which refused to reverse, and puzzled many 
engineers, until it was accidentally discovered that some one had screwed 
a drain cock half a thread too far into the cylinder, and so prevented the 
piston from moving far enough to lift the tappet valve. 

Usually the water end is at fault, perhaps the pump will not take its 
water ; it is well to remember that a water pump in perfect condition is 
not an air pump, and on account of its large passages and clearance 
spaces, it may be unable to exhaust the air to the required extent. The 
remedy is, to displace the air by priming, or filling the barrel and valve 
boxes with water ; a foot valve will be found an assistance in this respect, 
as it enables the suction pipe to be primed. 

The water valves may be stuck to their seatings, and require easing 
and cleaning; or they may be prevented from closing by grit, dirt, or 
chips ; their faces may be cut or damaged so as to be no longer water 
tight when on their seats. 

The tightness of the valves may be tested by pouring water into the 
valve boxes, but while apparently tight they may still leak under pressure. 
When taking water from a considerable depth, minute leaks in the suction 
pipe may gradually destroy the vacuum and make the pump lose its water. 
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These leaks are impossible to locate and are only known by their effect ; 
the only remedy is to change the suction entirely, or coat it thickly with 
tar. Rubber suction hoses are often offenders in this respect : in tropical 
countries the rubber deteriorates and becomes porous to a ceitain degree. 

The strength of the springs on a valve of any particular size should be 
proportiontd to the lift and the speed of tht pump, excessive shock at 
the end of each stroke indicates weak spnngs, or too greit a valve lift. 

The Hater piston should be a parallel, not a coned fit, on the rod, and 
the nut securing it to the rod should not serie also to hold the follower 
ring, though this may be contrary to usual practice 1 his packing will, 
in any case, reijuire frequent renewal, and in tightening up the main nut 
there is nothing to pre 
vent the rod from f,omg 
round. \ccordmglv, 
the exposed part of 
the rod between ihe 
cylinders is gripped 
with the nearest pipe 
tongs, and (hat is the 
beginning of tlie end 
of the pump 

Fig. 42 shows a 
INickcd piston n ith 
ring held mdepen 
dently of the main 
rod nut. 

If the follower ring 
is removed and the 
pump allowed to work 
a few strokes, the old 
packing will be thrown 
out. The new material 
should be cut into 

lengths making snugly fitting rings when pressed into the pump barrel. 
Many square rubber-cored packings are made for ihe purpose, plaited 
hemp gasket will do, but few stand so long as the Oarlock packing, made 
in Chicago. 

When cup leathers are used, either a constant supply must be arranged 
for, or a quantity ordered at a lime ; as neither of these plans is free from 
defects, they are often made at the mine. The moulds, of which there 
should be at least a pair to every pump, may be made of any tough hard 
wood. Fig. 43 shows metal moulds, the dotted lines indicating the 
position when tightened up. The mould x should be bored slightly taper, 
about ^'( in a depth of ij in., the diameter at half the depth of the ring 
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i: 3ie 3oct of the pump, the upi)er edge well rounded off. 
■ :j a diameter corresix)nding with the smallest bore of 
r»i:t ihe thickness of the leather to be used. Lower 
ta:^ ^ ?« T^ rmaocd off, as shown. 

j: isaiinu nz jcaihers, the material, which should be of best ([uality 
-*?- i*cj3 mosjacaik :5 first cut into circular pieces slightly exceeding the 
TTfTc n nt TunrT* rCus twice the depth of the cup when finished. Each 
-.^•^ ii jsichir s now thoroughly soaked and worked in hot water, and 
vnac 3til ICC xsd vl-:^ a mixture of oil and tallow is rubbed on and 
oI^TM^i. 31 iou :n for a day or two. Before l>eing placed in the mould, 
:5t tjcnz- ««x:Ai again be softened with warm water. Lubricate the 
BV'iuic rxa r«ts*u\, tallow, or soap, and after screwing up, allow the 
aouii. "32 yjTM'n a few days in a warm dry place. When the leather has 
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Fk;. 43. — Mould for Cup Leathers. 



hardened, the upper edge is trimmed off level with the top of the mould, 
and after removal, the inner edge of the cup is bevelled outwards (see 
Fig. 44), and the bottom hole enlarged to fit the pump piston. 

Leathers so made will outlast most imported ones. The complete 
piston is shown in Fig. 44 ; it is of the utmost importance that the centre 
ring B is well hollowed out to support the back of the cup leather. 

Adjustment— Steam End. — If the joints at the water end are 
tight, the valves, pistons, and plungers free from leakage, the trouble 
probably lies at the steam end ; though the pump may refuse to move if 
the suction pipe is choked, or the strainer buried in mud. 

At the steam end the reversing mechanism is usually the weak point. 
Tangye, flats are worn on the ends of the tappet valves, where they 
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project into the cylinder and are rubbed by the piston. Tliese ends 
should be rounded up with a file and slightly hardened. When replacing 
the valve, grind it in, to make sure it is steam light. When on their seats 
the points should project about h of an inch into the cylinder bore. It 
may be the stems arc too short and the lift insufficient ; in this case new 
valves are necessary, though a careful smith can often lengthen the three- 
cornered part of the spill and give the valve a new life. 

I'ision valves cannot be tightened, as they are not fitted with spring 
rings; but then the wear is very light, almost inappreciable in fact, and 
they last as long as the other parts. In case of accident, a new valve 
chest and valve can he obtained, as all respectable pumps are made to 
gauge and template. 

Owing to irregular 
lubrication, wet steam, 
and standing idle at 
times, flat valve faces 
are subject to consider- 
able deterioration, and 
require refacing pretty 
frequently, once a year 
at least. The valve's 
condition may be tested 
by placing it at half 
stroke and seeing if 
steam issues through the 
cylinder drain cocks. 

To set the slide 
valves of Duplex pumps, 
both pistons should be 
placed at the centre of 
their strokes, indicated 
approximately by the 
position of the valve 
levers ; and the slide valves arc adjusted on their spills until they overlap 
the steam ports equally at each end. A certain amount of play is often 
intentionally allowed between the valve and its spindle, and if this is 
taken up, the working stroke of the pump is shortened. 

The tightness of the piston may be tested by admitting steam on one 
side and opening a drain cock on the other. ^Vhen fitting new rings, it is 
well to remember many pumps have separate ports for steam and exhaust 
The piston rings have to travel across the exhaust ports, and in placing 
them in the piston, care must be taken their open ends are not in line 
with these ports, or a plentiful crop of broken rings may result. 
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Tailing^S Pumps. — Although pumps may be used for the purpose 
of raising tailings, the process cannot be considered an economical one, 
unless the battery water is also required at a higher elevation. To be 
successfully dealt with in this way, the tailings must be in a state of very 
thin pulp, and the quantity of water pumped is necessarily large in pro- 
portion to the tailings raised. 

These pumps, as a rule, deal with the pulp as it leaves the amalgamat- 
ing tables ; the tailings being raised for re-treatment, and the water to be 
again used in the battery. The plunger type is always preferred, and they 
are usually arranged in pairs, so that the constant delivery prevents sand 
from settling in the valve boxes and passages. Jets of clean water, 
admitted beneath the stuffing-box, prevent the sand from embedding 
itself in the packing and scoring the plungers. The valves have narrow 
beats and work on risers. Hinged valves are troublesome, as the sand 
accumulates under the hinge and prevents the valve from closing fairly on 
its seat. 

Centrifugal Pumps. — These are largely used in cyanide and 
battery work. The water is lifted by the centrifugal action of revolving 
vanes and no valves are required, though a foot valve is often placed at the 
end of the suction pipe. In some patterns the suction and delivery branches 
stand at a fixed angle, while in others they can be turned round on the 
pump casing to the angle required. In the same way the suction is some- 
times balanced, the supply being drawn in on each side of the casing ; 
the object of this arrangement being to avoid the end thrust caused when 
the suction is on one side only. The speed of the water in the pipes 
is from 5 to 7 ft. a second, and the pump vanes revolve at a high sj^eed, 
the actual speed depending on the height of the lift and the quantity of 
water to be raised. 

In a pump of any given efficiency, the work done is in direct propor- 
tion to the driving power, and the same pump at the same speed will 
deliver a large quantity of water at a low Hft, or a smaller quantity at a 
higher lift. The maximum lift is about 50 ft., it does not usually exceed 
25 or 30 ft. ; but by connecting several of these pumps in series, the dis- 
charge of the first becoming the suction of the second, and so on, lifts up 
to 1,000 feet can be arranged for. When clean water is pumped, the wear 
is very slight, but gritty water from settling pits soon increases the clear- 
ance of the vanes, and the efficiency falls off. For this class of work the 
pump body can be fitted with renewable liners. 
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Centrifugal Pumps. 



Diameter of pipes, in inches . 


3 , 


4 


5 


6 


7 


1 

8 ; 


Diameter of pulley, in inches 


4 


5 


6 


7 


8 


9 


Weight, in cwt. . 


2j 1 


3 


3i 


5 


7 


7h 


Gallons, per minute 


90 


160 


280 


400 


550 


750 


H.P., per foot of lift 


0.05 , 


0.09 


0.16 


0.22 


0.31 


0.42 



Donkey Pumps. — Even when the feed is supplied by a pump driven 
by the main engine, a donkey is required in reserve, for use in emergency 
and when the engine is idle. The ram type is preferred for this purpose, 
and for pressures up to 100 lbs. per square inch, the vertical pattern, with 
inverted cylinder, crank and flywheel, is generally used. The following 
table gives the sizes and capacities of Cameron pumps of this type : — 



Cameron Pumps, with Single Cylinder and Single- Acting Ram. 



Diameter of cylinder, in inches 
Diameter of ram, in inches 
Stroke, in inches 
Gallons per hour, approximate 



5 


5 


6 


7 , 


7 


3 


3i 


3} 


4 ' 


4i 


5 


5 


5 


6 , 


6 


670 


900 


900 


1,250 


1,600 



7 

5 
6 

2,00 D 



I 



8i 
6 
8 
3,200 



Cameron Pump, with two Cylinders and two Single- 

AcTiNG Rams. 



Diameter of cylinder, inches ' 5 5 7 7 , 7 ^h 9 ' 12 

Diameter of rams, in inches 3 34 4 44 5678 

Stroke, in inches . .5 5 6 6 6,88,9 

Gals. |)er hour, approximate, 1,300 1,800 2,500 3,200 ' 4,000 , 6,400 8,800 11,500 



For high steam pressures and large installations, the direct-acting pump 
is preferred ; having neither crank nor dead centre, it possesses a wider 
range of speed than the rotating pattern, and can he run at the lowest 
rate without danger of stopping. Another advantage, due to the non- 
rotating action, is that a good length of stroke may be secured within 
moderate over all dimensions. The table on page 119, and Fig. 45, refer to 
the Evans' "beam" pump, a direct-acting type in which the steam cylinders 
are compounded, and suction and delivery branches provided on each 
side of the water end. The capacities given are based on fifty single 
strokes of each ram per minute : — 




(Evans' Patent) — 



Kii;. 45.— Evans's "Beam"' Compound Feed Pump. 
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1 

Diameter of high-pressure cylinder, 














1 


in inches 


4 


5 


6 


7 


8 


9 


10 


Diameter of low-pressure cylinder, 














1 


in inches 


7 


9 


10 


12 


14 


16 


18 


Diameter of rams, in inches 


3i 


4i 


Sh 


6J 


7h 


8J 


9i < 


Suction and delivery, in inches . 


2 


2i 


3 


34 


4 


5 


6 


Steam inlet, in inches . 


i 


h 


5 


i 


I 


I 


li 


Kxhaust, in inches 


li 


n 


2 


2 


2i 


2i 


3 


(jallons per hour .... 


930 


1,540 


3.080 


4,300 


5.730 


7.360 


9,180 



Steam Pumps — General. — It cannot be too clearly understood 
that the pump should, in every case, be of ample capacity for the work 
required. A small pump, racked to its utmost limit, is more than usually 
wasteful in steam, is constantly giving out, and before its short life is over, 
has been an utter nui.sance to all who have had to deal with it. 

How different the slow powerful stroke of the pump working well 
within its capacity ; the water passes quietly through its passages, noise 
and wear are reduced to a minimum, it lasts longer, works more economic- 
ally, and as the Cornish miner said, "goes on pumping and says nothing 
to nobody." 

No matter how small the pump (in fact, the smaller, the more necessary 
it becomes), let it be raised to a convenient and accessible height above 
the ground or floor level. 

I^t the patterns and sizes in use throughout the mine be, as far as 
possible, identical; time is wasted when connections require alteration 
each time a pump is changed, and when such work is taken in hand, no 
one is quite sure when it will be finished. If this plan is adopted, a spare 
pump may be kept, either under repair or ready for work in either of several 
situations. 

The machine tools with which each mine is equipped enable such 
thorough overhauling and repair to be made, that, as far as working 
surfaces are concerned, the pump is again new. 

The piston rods and rams can be turned up, new bushings and glands 
being provided to suit their slightly decreased diameters, all steam and 
water valves and their seatings refaccd, and wear taken up in the joints 
and connections of the valve motion. 
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CHAPTER VIII. 

WINDING MACHINERY, 

Winding Engines, Arrangement — Portable Types for Underground Use — Combined 
Pumping and Winding Engines — Geared Engines — Setting Foundations — Direct- 
acting Engines — Ropes — Shackles — Splicing — Kibbles — Cages — Skips — Headgears 
— Table of Inclines. 

Steam, electricity, compressed air and water, furnish the motive power 
for hoisting purposes ; it is scarcely necessary to include the windlasses 
and horse-whims used in the early days of the prospecting stage. In all 
cases economy in motive power is of secondary importance, and complex 
gear out of place in engines intended for this purpose ; the requirements 
approach those of locomotive practice, reliability and handiness being the 
essential features. It is, therefore, only in special engines designed for 
deep winding that expansion gear is provided, cylinders compounded, or 
condensers added. 

The general requirements have been embodied in patterns which may 
be considered standardised, and a dozen engines of the same design will 
work equally well, and be equally suitable for their work, in a dozen 
different parts of the world. 

The engine must, in every case, be sufficiently powerful to thoroughly 
control the load attached to it, and must itself be completely under control 
of the driver ; such conditions may be fulfilled, and yet permit consider- 
able variation in detail and even in general arrangement. Should the 
engine be intended for underground work, compactness is essential ; but 
space is cheap at surface, and nothing is gained by crowding the working 
parts together. For instance, when the drums are placed in front of, 
instead of over, the cylinders, the valve gear is more accessible, the driver's 
view less obstructed, and there is less danger of loose coils of rope 
becoming entangled in the gearing ; even in underground engines, when 
space can be spared, the arrangement permits a greatly increased radius 
in which the rope may leave the drum. 

The motive power required is in proportion to the gross load and hoist- 
ing speed, the gross load being the weight of the unbalanced part of the 
rope and everything attached to the rope. T'he speed is evidently a factor 
as the weight in pounds multiplied by the feet it is raised per minute is the 
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useful work performed by the motor, expressed in foot-pounds. It may 
be noted that the depth of the shaft is not taken into consideration ; but 
for the few additional hundredweights of unbalanced rope, no more power 
is required to raise a given load loo ft. at any depth in the shaft. As the 
shaft increases in depth a larger hoist is installed, not because the old one 
was not powerful enough to lift the load, but because it could not do so at 
the greater speed necessitated by the increased depth. 

Practically all winding engines are furnished with two cylinders with 
cranks at right angles to each other, so that they may start readily from any 
position ; the controlling levers should be not only within reach, but within 
easy reach of the driver. In a colliery engine a driver need not rise from 
his chair, and on metalliferous mines a man with such responsible duties 
might receive more consideration in the arrangement of these details. 
He should be able to reach the handles without stooping^ or stretching 
his arms above his head ; in foot-operated brakes the pedals should be 
placed where his feet would naturally be when standing at the handles. 
The driver's position is an important element in his day's work ; as a 
rule he is not an acrobat, and possesses only the average number of 
hands. 

Only on exceptionally deep mines are the drums mounted directly on 
the crank shaft ; as a rule they are driven by gearing and make about one 
revolution to four of the engine ; their dimensions should be sufficient to 
carry the recjuired length of rope without any overlapping of the coils. In 
small engines they are mounted on side frames above the cylinders, an 
arrangement saving some space but open to objections already alluded 
to. By connecting one rope to its upper, and the other to its lower surface, 
one drum may be made to command two winding compartments ; this 
arrangement answers very well when most of the hoisting is from one level, 
but necessitates disconnecting one cage each time an alteration in depth is 
made. When hoisting from only one compartment, a saving will be effected 
in the wear of the engine if the drum can be disconnected by a clutch and 
lowered by the brake. In double drum engines fitted with clutch gear, the 
balancing effect of the descending load need not be sacrificed, while alter- 
nate loads may be taken from different depths, or each drum used indepen- 
dently when required. 

Se[)arate brakes are fitted to each drum and consist of a wrought-iron strap 
lined with wood, or posts on opposite sides of the drum ; band brakes 
should be suspended by a spring or balance arrangement, so that they do 
not hang on the rim. Brakes are always operated by a pedal action, 
leaving the driver's hands free for the steam and reversing levers. 

The indicator should be positively driven by worm or tooth gear, 
and its divisions plainly visible from the driver's place ; as an additional 
safeguard, it is advisable to give the driver a clear view of the shaft 
brace. 



i found on a gold-mine are the air-driven 
J purposes underground ; they .irt of great a 
^ enabling the debris to be clcnriad and work quickly 
n all wet winzes the wiiti-r seriously retards the 
im^ bang sonu-'tinics more than the hand windluss ran deal 
I any case adding considerably to tho labour required. When 
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clamped to a common rock drill column, requiring no further support. It 
can be placed wherever a rock drill can be fixed, works equally well in any 
position, and if fitted immediately over the winze, the rope may lead from 
the drum direct to the bucket, without passing over any intermediate pulley. 
The idea is such a happy inspiration, and so completely fills all tem- 
porary requirements, that one can only wonder why it was not thought 
of before. 

The same makers also have a line of double-cylinder winches, mounted 
on box-beds and steel A frames, suitable for underground work or the 
earlier stages of shaft sinking ; a pumping crank can be added if required. 
Particulars are given below. 



Holm AN Prospiccting Hoisting Engines. 



Cylinder dimensions. , Diunj nimension-i. Approximate Weight. 



4 in. X 5I in. 



1 1 



7 
8 

8 ,, X 10 



6 ,, X 



» » 



8 in. X 12 in. 
12 ,, X 16 

10 



»» 



1 > 



»» 



X 20 ,, 
x3« '» 



9 cwt. 

20 ,, 

25 
70 



»» 



.Size of Bedplate. 



I fl. 1 1 in. X I ft. 7 in. 



>» 



2 »» 2 ,, X 2 ,, 2 

3 ,, 6 ,, X 2 ,, 6 „ 
6 ,, o ,, xj „ 6 „ 



A Steam hoist with a pair of cylinders, each 6 in. diameter by 10 in. 
stroke, is the smallest size erected at surface ; the cylinders are horizontal, 
in some ca.ses inclined upwards. Wrought-iron framing is generally used, as 
saving weight in transport, but is seldom sufficiently rigid for any but the 
horizontal patterns. A considerable output is possible with these small 
hoists, with a working load of only 10 cwt. ; in the early days of the Mysore 
Mine monthly returns of 2,000 ounces of gold were made, all the quartz 
being hoisted by an engine of this size, steamed by a small vertical 
boiler. 

Fig. 47 shows an exceptionally useful arrangement, suitable for both 
hoisting and hauling, on account of the large arc in which the rope may 
leave the drum. This is a feature of some importance, as when the depth 
exceeds 300 ft. and the winding speed becomes too slow, such engines have 
a further career of usefulness in the mine or at incline haulage. The 
handles are brought well together, and the drums may be of wrought iron 
when transport is a consideration. 

The following table gives an idea of the sizes of winding engines in 
general use, and their working loads when lifting at 500 ft. a minute ; this 
does not mean starting the load at a depth of 500 ft. and delivering it at 
surface in a minute, allowance must be made for time occupied in accele- 
rating at starting, and slowing up at surface. 
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Winding Engines. 



vnrh^tKf ■ 7"'mrj£n. bi inches 8x 12 

TTTSt 1 ••= ■ 5^ 14 


9x 16 

5x li 

20 


10 X 18 
25 
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I2X 18 

6x2 
35 


14 \ 20 
7h 2 , 

S5 ' 
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/ 
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/ 



/ 



/ 



/ 



/ 



V. 



Fn'.. 47. — 6in. hy lo-in. lioist, for Winding and Hauling. 

In preliminary work, pumping and winding arc sometimes j^erformed 
by the same motor ; such an arrangement can only he of temporary use, 
and the gear should not be i>ermanently attached to the engine, but driven 
by clutches, so that each operation may be independent of the other. 
This method of connection permits the engine to be subsequently used for 
■ooses without serious alteration, 
following table the combinations allow a winding speed of 500 ft. 
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a minute, the pumps not being more than 7 in. in diameter, and the stroke 
not exceeding 4 ft. 



Combined Pumping and Winding Engines. 



Dimensions of Cylinders, in inches 
Drum, in feet .... 
Load, in cwt. .... 
Depth Pumped, in feet . 



9 X 12 

20 
400 



10 X 14 


1 

12 X 16 


6Ax li 


7x2 


27 


35 


525 


800 



The winding engine occupies no definite position with regard to a 
vertical shaft, and any convenient site may be chosen ; usually the head- 
gear is scjuared with the shaft, the sheaves and bearers with the headgear, 
and the engine consequently stands so that its drum axis is parallel with 
the side of the shaft. There is less choice in the case of an incline shaft, 
as the engine cannot stand at either end, and must be placed in front or 
behind ; if behind, the angle the rope makes in passing over the sheave 
is doubled ; this position, therefore, is not selected if the alternative is 
feasible. In hilly country it may be that the back of the shaft is the only 
place open for the engine ; if so, the only difference is a little increased 
wear on the rojje ; skips can be arranged to self dump from either direction. 

In laying off the foundations, it is best to sight down an incline shaft, 
and peg out at surface a line in the same vertical plane as the centre of 
the winding compartment ; this fixes the drum centre, and a line squared 
with it will be the drum axis. With vertical shafts, the line may be pro- 
jected in any direction from the winding centre, as already explained, but 
the axis of the drums must be square with this line, or the rope will always 
crowd to one end of the drum. 

The distance from the shaft to the engine depends on several factors, 
the height of the headgear being one, the position of steam supply 
another. Naturally, the site chosen will be near the steam supply, and 
afford the driver a clear view of the brace ; if too far from the shaft, guide 
pulleys will be required to steady the rope against vibration caused by 
irregular torque of the motor. On the other hand, if the engine is too 
close to the shaft, there will be unnecessary friction between the rope 
being wound on the drum, and the coils already wound. As a general 
rule, it is safe to let the distance between the nearest side of the shaft and 
the nearest end of the foundation pit be equal to the height of the 
headgear. 

As the load is light, the foundations are less massive than for pumping 
machinery, and the smaller hoists may be bolted down to well-bedded 
mud cills ; while in the semi-portable type, the box-bed, let a foot or two 
into the ground, is all the foundation required. 

Figs. 48 and 49 are plan and elevation of 12-in. by i8-in. winding 
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It is from this latter line hh that the masonry piers forming the 
foundation are laid off. The line representing the centre of the drum 
axis is carefully squared, and from it the positions of the crow holes are 
located b)- measurement. The cross bearer carrying the brake staff is 
built into the loading as the work proceeds, and at the top recesses are 
left for the crank discs and reversing arbor. The drums are lagged with 
woixl and mounted on upward extensions of the engine framing, the 
indicator being driven by worm gear from the end of the drum shaft. 

The annular spur wheel, bolted to the side of the drum, is driven in 
three different ways — (i) The pinion is permanently keyed to the crank 
shift: (2) loose pinion driven by dog clutch; (3) pinion mounted on 
sliding keys and thrown into or out of gear with the drum. The first 
plan does not permit the disconnection of the drum, and the engine must 
be at work both in hoisting and lowering ; either of the other plans permits 
the cage to be lowered under the brake, and the third plan can be recom- 
mended for all moderate requirements. In this case the pinion may be 
meshed whenever its teeth are opposite the spaces of the spur wheel, and 
the opportunity for engagement occurs more frequently than is possible 
with any form of dog clutch. 

Many American hoisting engines are fitted with a neat clutch gear 
worked by a quick thread screw spindle passing through the drum shaft. 

The engines hitherto considered are of suflficient capacity for ordinary 
purposes, but may not permit the output required should the depth exceed 
2,000 ft. It is then considered preferable to increase the speed of winding 
rather than the weight of the load ; accordingly gearing is dispensed with, 
and the drums mounted on the crank shaft, as in colliery practice. The 
following examples give an idea of the speeds, loads, and outputs of these 
directly connected engines, as illustrated in Figs. 50 and 51, which also 
ser\'e to show the arrangement of post brakes. 

An engine with a pair of cylinders 24 in. diameter by 48-in. stroke, 
coupled to drums iii ft. in diameter, and raising a net load of ij ton 
at a speed of 2,000 ft. a minute, will be capable of an output of 1 2,000 to 
15,000 tons a month from a depth of 2,000 ft. 

On the deep level mines of South Africa, engines with cylinders 20 in. 
diameter by 48-in. stroke, coupled to 8-ft. drums, lift a gross load of 
2^ tons at 1,800 ft. a minute. 

At the Lake Superior copper mines a pair of compound condensing 
Corliss engines, with cylinders 16 in. and 32 in. diameter by 48-in. stroke, 
coupled to 7-ft. drums, raise a gross load of 2 tons at a speed of 1,200 ft. 
a minute. 

Perhaps the greatest output in a given time must be credited to De 
Beers Mine, where a pair of vertical engines with 9-ft. drums, coupled 
to self-dumping skips weighing 7 (short) tons when filled, have hoisted 
'^ver 3,500 tons per shift from a depth of 1,200 ft. 
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Motive powers other than steam are not in sufficient general use to 
warrant detailed description ; an illustration of an electrically-driven 
winding engine is given in Fig. 7 ; though electricity is better suited to 
work, requiring less stopping and starting. In using water power, a wheel 
of the impact type is preferred to the turbine, one wheel being coupled to 
each drum ; the power supply is governed by a lever actuating a pointed 
rod, which closes the nozzle and shuts off the supply. 



Ropes. 

For winding work the round wire rope has practically displaced all 
other forms. The qualities of steel principally used in its manufacture 
are plough, crucible, and mild ; there are in addition several intermediate 
and fancy brands. Each rope consists of six hemp-cored strands wound 
around a central hemp core, these cores making a lighter and more flexible 
rope than wire ones. While the number of strands remains constant, the 
gauge of wire varies considerably, being largest in ropes having few bending 
strains to bear, such as guides and stays ; where flexibility is essential, the 
finer gauges of wire are used. The rope used for winding purposes is a 
compromise between these extremes. 

If a piece of iron is bent when cold, the tensile strain on its outer 
surface is apparent to the eye ; the same strain occurs in a modified 
degree each time a wire rope passes round a pulley. The crown of each top 
strand is strained according to the radius of the circle in which it is bent ; 
the greater the circle, the less the strain ; under equal conditions this 
strain would be more severely felt in larger ropes, as their opposite sides 
are farther apart. A relation therefore exists between the thickness of the 
rope and the diameter of the pulleys and drums it works over ; an easily 
remembered rule is, i ft. of pulley for each ^ in. of rope, that is, an 8-ft. 
pulley for a i-in. rope. 

In ordinary ropes the wires of each strand are twisted in the opposite 
direction to the strands themselves ; in Lang's lay this is reversed, and as 
the result of twisting the wires with the lay of the rope, there is less 
tendency to twist in working, and a long-wearing surface is secured on the 
crown of each wire. 
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Thr a^XlVC tahl«! ^ivcs particulars of the si/.cs and qualities of ropes 
rhi^fly used, iht weight I>einj4 in jKuinds j)cr fathom, the breaking strain in 
tons, and the working U^ad for vtrrliral winding given in hundredweights 
for fast and modi rate s|x:eds. Tht- smaller sizes of the flexible roi)es, 
if |V» ^^^ -I '^^ ^" '"^'^' '" thickness, have largely displaced hemp and 
manilla for windlass work, and are used on barrels of 6 and 8 in. diameter. 

All wire ro|)es are uncoiled from the outside, and for this purpose it is 
absolutely necessary to mount them on a revolving drum or barrel. In 
lieu of anything better, a wheel or pulKry lying on its flat on a piece of flat 
iron, with a crowbar driven through the bore, will answer the purpose. 
Not a single coil should be allowed to slip ofl* without a turn of the wheel. 
The end to Ikj fastened to tin? dnnn is passed through a hole in the lagging, 
to which an inclined groove should lead to prevent a (juick bend in the 
rope. The end may Ixr fastened by passing it twice around the drum shaft 
and clamping it to the standing part. With small roi)es one turn may be 
uken around the shaft, a half hitch aroimd the standing i)ait, and the end 
seized with wire. 

Occasional lubrication with grease free from acid is bcneflcial if the 

lope is exposed to wet. All working ropes recjuire frequent examination, 

though a careful inspection once or twice a week is better than a perfunctory 

iaily. Hroken wires are easily detected as the ends stand out. 

thing to note is the thickness of the wires on the crowns of the 

id the state of tin* ro|Hr near the shncklc. Fig. 52 gives an idea 

This Lang*8 lay roi>i*, made by Messrs Bullivant & Co., Ltd., 
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had an original lireaking strenglh uf 29 tons; wlu-n taken off allcr two 
years' constant work its breaking strain was still 17J tons. The even wear 
on the crowns, due to the Lang's lay, is particularly noticeable. 

The most severe wear is in those incline shafts and winzes not furnished 
with rollers. In such situations a seven-eighths rope may last less than 
three months. 

A short rule fur the breaking strain of ru|>es of medium quality is that 
the circumference in inches squared and multiplied by zj equals the 
breaking strain in tons. The working load will be one-tenth of the break- 
ing strain for fast winding, and one-eighth for medium sjioeds. 

The shaft end terminates in an eye which is often supplied with the 
rope. If not, the end may be passed round a deadeye and secured to the 
standing part by one or more clamps. An alternative plan Is tu use u long 
or short shackle, shown in Fig, 53. 




Fig. si— Lane's Lay Ro]k:, Ltfuri.- and nfltr lwi.> ytars' use. 

In this illustration the bow of the short socket Is purposely enlarged 
for the sake of clearness. It is important that the upper edge of the taper 
socket be well rounded off, as shown. 

After the socket is passed over the rope the latter is seized with copper 
wire, commencing about 2 in. from the end. The binding must gradually 
diminish in thickness, the number of layers depending on the gauge of 

e used. The ends of the strands are then unravelled, the wires 
straightened, and each sepiualely bent back over the copper binding. 
Extra taper may be given by cutting some of the wires shorter l>efore 
bending them, and with some brands of steel the wires must !>c warmed 
before bending or they may ciack. The socket is now dropped over the 
tapered end of the rope and an iron pin driven into the end of the hemp 
core. 

In fixing a long socket the ro]>e is bound as before, but fur a greater 
length, a foot or more in this case. The shackle is sprung over the rope 
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A wire lope cannot 
Ijc spliced with a 
pocket knife and a 
[wkcr, proper ap- 
pliances are neces- 
sary-, and although 
neatness only comes 
Vith practice, any 
mechanic can make 
a strong and sct^ice- 
able joint by follow- 
ing these instruc- 



I. The two ropes 

should lie evenly, side 

by side, supported on 

trestles or blocking, 

their i-nilM iiviTliip]iiti|; from 30 to 40 ft., according to the size of the rope. 

I. Midway JHitweeM the two overlapping ends, serve each rope with a 

GmiKintry t>indiii{(, and unrBvcl the strands of each rope as far as this bind- 





136 GOLD MINING MACHINERY. 

ing, having previously served the end of each strand. There will now be 
twelve loose strands, each 15 to 20 ft. long. 

3. Cut off the loose hemp core of each rope close to the binding, bring 
the two ropes together, and butt the remaining ends of the cores, arrange 
the strands of each rope so that they interlock alternately with those of the 
other rope. Fig. 54 shows this stage of the process, though, for the sake 
of clearness, the ropes are farther apart than they would actually be. 

4. Keeping the ends of the rope closely together remove the bindings, 
and let one man unlay a strand of one rope (see a, Fig. 54), while another 
man lays in its place the corresponding strand of the opposite rope. No. i, 
until all but 6 in. of the strand are laid. Bind temporarily, and cut off 
the unlaying strand so that *it is a foot longer than necessary to meet the 
end of the inserted strand. 

5. Start on the opposite rope, so that the man who was laying is now 
unlaying. Unlay strand No. 2 and insert n in its place, finishing as before. 

6. Take the next strand (c) of the rope on which work was originally 
commenced, cut 4 ft. off its end and lay it in the place of No. 3 in the 
opposite rope. Follow the same plan with the corresponding strand of the 
other rope. Unlay No. 4, lay d, temporarily securing the ends as before. 

7. Lay in the last pair of strands, having previously cut 8 ft. off each. 
Three strands have now been unlayed in each rope and replaced by three 
strands from the opposite end. The lower view in Fig. 54 now represents 
the state of things, the overlapping ends of the strands are seen opposite 
the figures i, 3, and 5. 

8. The end of each strand is 1 2 in. longer than necessary to meet its 
fellow, each end being 6 in. longer than necessary to meet its fellow, 
and the only difficult part of the task is to dispose of these ends neatly. 
For rough work they may be gradually diminished in thickness and 
worked in under the strands as in ordinary rope, but the proper method 
is as follows : — 

9. With a rope sling or blunt pipe tongs seize the rope about 9 in. on 
each side of the meeting of two strand ends. See o and p in the lower 
figure. Twist each part of the rope in the opposite direction to its lay 
to open the strands. Cut out 6 in. of the hemp core on each side of 
the strand junction, and with the help of the tongs force the strand ends 
into the space in the heart of the rope formerly occupied by the hemp 
core. See 2, 4, and 6 in the lower figure. Treat all the ends in a similar 
manner, hammer them gently with a wooden mallet, and after a few days' 
work the splice will be difficult to find. 

The load to be hoisted may be carried in various receptacles, the 
bucket or " kibble " being the simplest ; the latter is always barrel-shaped, 
the smaller diameter at the bottom and mouth assisting it in clearing 
obstructions, for the same reason the rivet heads on the outside are flush 
with the body. Requiring neither guides nor special road, the kibble is 
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largely used in win^e and shaft sinking, and in all preliminary work. In 
vertical sliarts it is kept clear at the timbering by lining the compartment 
with plank. In underlay shafts, bed planks are laid on which the kibble 
slides; the friction, however, is considerable, and increases as the angle 
departs from the vertical. Even in shafts already furnished with guides, 
the kibble is used for sinking, a travelling "monkey " being arranged to 
steady it in the hoisting ways (sec Kig. 55); this monkey, or cross head, 
Tils within the guides and rests on the shackle, the rope [lasses through 
it, but is not attached to it. A stop is fixed on the lowest guide, and on 
being lowered to ibis point the monkey rests on the slop, while the roi»e 
travels through it to the bottom of the shaft. On the return journey the 
monkey is again picked up by the shackle and travels to surface with the 
load. The arrangement may be setn within the guides in Fig. 55. 

Kibbles are loaded cither by hand, or from chutes into which the 
trucks tip; they are emptied by being lowered on to a fixed chain, which 
is hooked into a bow projecting from the bottom of the kibble. When 
used for baling water, a valve opening inwards is fixed in the botloni of the 
bucket ; the valve o[x;ns on being lowered into the water, and is o|icned 
for discharging at surface when pressed inwards by a projecting pin, on to 
which the bucket is lowered. 

Cages ^Although special cages have been devised for use on inclines, 
tlicy are generally installed only in vertical shafts ; they save handling the 
ore to a certain extent, as the truck and its conienis are hoisted bodily to 
surface. Their use may be considered advisable when the ore has to be 
trammed some distance from the moutb of the shaft. It must be admitted 
that the dead weight on the engine is somewhat increased, but in double 
com|>arlment shafts this is kilanced by the descending cage. 

Another disadvantage may be mentioned, the ore cannot lie collected 
and stored beforehand in the shaft bins ; the supply can only be hoisted 
as it arrives in the trucks from the chutes and faces, therefore the cage 
must wail in the mine for the trucks, or the trucks for the cage. 

The size and shape of the cage are determined by the compartment in 
which it is to work, and the truck it has to contain. Generally it consists 
of a rectangular platform, furnished with rails to receive the truck ; each 
corner of this platform is sus]>ended from a wrought-iron rod, the four rods 
uniting with the corners of a frame about 7 ft. above the platform, This 
up])er frame is provided with a hood opening upwards in two leaves, so 
that pipes, rails, and long limbers may be carried ; four bridle chains 
connect it to the shackle on the rope. A simple catch prevents the truck 
from moving when the cage is in motion, and on each side of the upper 
and lower frames are clips to engage ihe guides. 

Safety appliances are sometimes fitted to suspend the cage should it 
gel disconnected, or the rope break ; tliey consist of pointed levers or 
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toothed cams, forced by springs to grasp the guides, but held apart by the 
tension of the rope. No doubt these catches would be more generally 
fitted if they did not necessarily come into action each time the cage is 
resting on the keeps, and thus injure the guides at these points. 

Skips. — These are used in any kind of shaft, vertical, inclined, or 
combined ; they arc specially suitable when the load has to be dealt with, 
or treated, at the mouth of the shaft All skips are square, or nearly so, 
in section, and are generally arranged to dump automatically ; rubbing 
strips protect the body from being worn by the guides, and clips retain it 
within the road. An average pattern will be 6 ft. long on the longest side, 
by 22 J in. square, and will hold 16 cub. ft. of ore; the bottom is made of 
steel plate ^^ in. thick, and the sides of ^-in. steel plate. The body is 
attached to the bow so that it shall hang vertically, but it is neither 
necessary nor usual to place the guides in the centre. 

For incline work, if the angle of underlie is regular, and is not less than 
20' from the vertical, the weight of the skip is sufficient to keep it on the 
track, and rails may be substituted for the usual wooden runners. The 
wheels now take the weight, as well as the side friction formerly existing 
between the guides and rubbing pieces. It is curious to note that although 
mine trucks, which have to pass round the sharpest curves, are generally 
fitted with wheels fixed to the axles, yet loose wheels are supplied to skips 
running on a perfectly straight track. As the axle boxes are covered with 
grit at every loading, the wear and cost of upkeep are heavy. When 
working in incline shafts it will be found a far better plan to mount the 
skip bodily on axles to which the wheels are fastened, and let the axles 
work in bearings formed of hard-wood blocks bolted to the bottom of the 
skip. The bearing is now thoroughly protected from dirt, while the wood 
absorbs oil and grease, rendering frequent lubrication unnecessary. For 
self dumping the bow is extended to the rear, and the front wheels and 
axles made narrower than the back ; the rear wheels keep to the main 
track and elevate the rear of the skip, while the narrower front wheels run 
between the main rails on to the track over the hopper. 

Headg^ears. — The points for consideration about a headgear are, 
its height, strength, stability, and the materials to be used in its con- 
struction. The height will depend on the distance above the ground at 
which the load is to be delivered, while the winding speed and average 
skill of the drivers will decide the height of the sheave above this level. 

The strength of the principal parts is based on the gross load and the 
speed of winding ; but the same gear is often arranged to command the 
pumping compartment, and will be required to sustain the loads lifted by 
the capstan. Even in this case it will be found that, in securing rigidity 
against vibration, the strength is increased out of all proportion to the 
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actual weight dealt with, as indicaled by tlie various formula; fot slrength 
of columns. But the strains on the headgear always exceed those due to 
the mere gross weight, as the load is a live one and suhject to jats, surges, 
and other irregularities of motion. Then again, the stress on the rope is 
not vertical, but acts in two directions. Thus a. racking strain is set up, 
to be met by carefully jointing the principals, and bracing the whole 
structure well together. 

Stability is ensured when a tine bisecting Ihe angle made by the rope 
at the sheave falls to the ground within the base of the frame ; should it 
mtet the ground materially beyond this point, inclined stays arc added, 
which practically extend the base of the structure, The form of headgear 
common in Australia is, to some extent, an exception to this rule, being so 
well braced internally that the resultant may safely fall without the base. 

The materials to be used depend on local conditions. If timber in 
sufficient lengths is available it will probably be cheaper than an imported 
steel structure ; the latter is generally built up of numerous small parts, 
any of them liable to loss in transit. 

The simplest of all forms is the ordinary A frame, suitable for one 
winding compartment only ; the strength of its principals may be found by 
the following rule ; — The working load in tons is the side measurement of 
the timber in inches brought to the fourth power and divided by the length 
in feel s([uared. Thus, if each lejr is lo in. square by 40 ft. long, 10 by 
10 by 10 by 10 divided by 40 by 40 equals 6.3 tons. .As the frame is 
composed of two such legs it would support a weight of over 1 2 tons, and 
allowing for irregularity in motion, and for the fact that the legs are not 
vertical, might be safely worked with winding loads up to two tons, A 
frame of this kind will require stays to maintain it in the siime vertical 
plane as the rope, and will need .staying against the pull of the rope when 
the resultant falls beyond the base. 

When the headgear is to cover a double compartment shaft, two of 
these frames are used, united by stringers at the top. 

^\- S5 illustrates a headgear of this kind, consisting of two main 
frames, one at each end of the shaft. Each frame consists of a sole piece, 
two legs, and a cap piece; the legs, 11 in, square, are tenoned at both 
ends, and the back ones are inclined, so as to dispense with back stays, 
It will be noticed that the position of the back legs brings the bisection of 
the rope angle well within the base. The foundations are laid by digging 
a trench 2 ft. deep under each sole piece, and filling it with broken stone, 
to allow for drainage. The wheel bearers rest on the stringers con^ 
necting the caps of the two frames ; at the time the photograph was taken 
the cage road and bearers for one compartment were not in position. 
The frames were, in this instance, of an average height, 45 ft. : the 
extremes met with in general practice being 30 and 60 fl. 

Headgears containing grizzlies, rock-breakers, and bins are more com- 




[ To/tKt /. I4OW 



WINIJINCi MACHINBKV. 



NaBl«q( ' 



Tabi-b of Inclines. 



fits." 



Pull OT Root ptt Ton 





57-29 


0.63 


39-08 




18.63 


1.26 


78.18 


3 


.g.oS 


1.8S 


117-24 


4 


14.30 


2.5' 


156.26 


5 


H.4J 


3.1s 


195.24 


6 


9.SI 


3-78 


234.14 


7 


8.:4 


4.42 


272.98 


8 


7.1 1 


5.0G 


3 "-74 


9 


6-3' 


5.70 


350-40 




5-67 


6.34 


388-97 




5-'4 


6-99 


427.41 




4.70 


7.6s 


4657' 


'J 


4-33 


8.3. 


S03.88 


14 


4.01 


8.97 


541.90 


'5 


3-73 


9.64 


579-75 


i6 


3.48 


10.32 


617.43 


17 


3-27 




654.90 


It; 


3.07 


11:69 


692.20 


19 


2.90 


'2.39 


729.27 




2.74 


rj-io 


766.12 




2.60 


ij.82 


802.74 




2.47 


14.54 


839.12 


2J 


2-35 


.5.27 


875.23 


24 


2.24 


16.02 


911.09 


2,i 


2.14 


16.78 


946.66 


3f) 




17.56 


981.94 


27 




■S,34 


1016.93 


z8 




19.14 


1051.61 




1.80 


SM 


■085.97 


JO 


'■73 




Ji 


[.66 


21.62 


1153:68 


3= 


t.6o 


22.49 


.1S7.02 


J3 


i.H 


2,t-37 


1219.99 


34 


r.4« 


24.28 


1252-58 


35 


r.42 


25.20 


1284.81 


36 


'■37 


26.15 


1316.62 


37 


..3i 


27-12 


1 348.0s 


38 


1.2S 


28.12 


1379.07 


39 


'-23 


29.14 


1409.67 


40 


I.IC, 


30.21 


1439.84 



WINDINC MACHINERY. 



; Indinalion per Yi 
in IikIwi. 



57-29 
28.63 
19.08 

14, JO 



272.98 

.1".74 
350-40 
388-97 
417.41 
4'">S-7i 
50J.KS 
541.90 
.'579-75 
61 7- 4.) 
654.90 

6<,3.IO 

729.27 



911,09 

^■■94 
101 6. 9J 



MM7.01 
1219-99 
1252.58 
1284.81 

134'i-oS 
1379-07 
1409.67 
1439.84 



[ 142 ] 



CHAPTER IX. 

AIR COMPRESSORS, 

Air Compression, Cooling and Reheating — Air Valves — Walker Compressors — IngersoU- 
Sergeant Compressors —Erecting — Receivers — Mains — Amount of Air Required by 
Rock Drills. 

The work on an ore body cannot be concentrated entirely on one spot, 
as it is only by having numerous points of attack that sufficiently rapid 
progress can be made. On every mine, therefore, a demand exists for 
motive power for distribution to these more or less isolated points of 
operation ; the media chiefly used are compressed air and electricity, and 
if the scheme is to include the underground workings, the former has 
distinct advantages. 

Compressed air is easily and cheaply stored ; there is no danger of 
fire or shock ; no change in equipment is necessary, the same steam 
motors and pipes being used ; and in underground workings the exhaust 
ventilates and cools the mine. 

With the assistance of this exhaust air tunnels may be driven, un- 
connected with other workings, for distances quite impracticable without 
some system of artificial ventilation. If similar work be attempted by 
hand labour the rate of progress rapidly diminishes when the heading has 
advanced a few hundred feet, the gases take a longer time to clear after 
each blast, until driving has to be suspended while a connection is made 
with some other working. This connection may serve scarcely any useful 
purpose but ventilation, so that its cost might fairly be debited to that 
of the original heading, to say nothing of the time lost in its construction. 
It is not always recognised what an important factor time is, especially on 
a foreign mine where the standing charges are necessarily high. Take, 
for instance, a mine in the early development stage, with a monthly 
advance of 250 ft. and standing charges of ;£25o ; these costs including 
management, office, agencies, pumping, and other expenses unavoidable 
as long as the mine is not shut down. This amount represents j[^\ on 
each foot driven ; but if by rock drills, or other means, the footage is 
doubled, the standing costs per foot are halved. 

Just as combustion was discussed before going on to steam and steam 
oiotors, so perhaps it will be advisable to briefly recapitulate the behaviour 
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of air and gases under compression, before passing on to the means by 
which the compression is effected. 

In common with other gases, the volume, the pressure, and the 
temperature of air tend to remain constant, and if this equilibrium is 
destroyed by an alteration of one of these conditions, one of the others 
must change also. The next feature to note is, the product of the 
pressure and volume is constant; therefore one varies inversely with 
r the other. 

It is evident then that, since both pressure and volume are altered in 
the process, air cannot be compressed without increase of temperature, 
nor expanded without loss of temperature. But these are the relative 
functions of the compressor and motor, the one to compress, the other 
to expand ; in each case temperature is involved, and is an important 
factor, the compression being best when the heat is kept low, and expan- 
sion best when it is kept high. 

There is a great deal of misconception on this point, and the air 
system suffers accordingly ; a steam-engine admittedly works by heat, 
because the steam is hot, but an air motor is supposed to work in some 
miraculous way by pressure. Heat is involved as directly in one case as 
in the other, and the work done is proportionate to the difference in 
temperature between the air admitted to, and that exhausted from, the 
motor. The air may be less hot than the steam, but the difference 
between the admitted and exhausted gas will be the same in each case 
provided ecjual work is done ; the ordinary rock drill works with scarcely 
any expansion, and yet its exhaust is often below zero. 

To get a clearer idea of the principles involved, let us trace an 
imaginary compression stroke in a cylinder so thoroughly cooled that the 
air cannot increase in temperature. The compression now follows Boyle's 
law, when half the stroke is completed the air will be halved in volume 
and doubled in pressure ; and when the volume is reduced to one-fourth 
the pressure will be increased four times. Compression on such lines as 
these would give a maximum result for a given expenditure of power, and 
an indicator attached to the cylinder would trace an isothermal curve. 

Let a stroke now be made in an uncooled cylinder formed of some 
non-conducting substance which retains all the heat arising from the 
compression ; when compressed to half its original volume the air will 
be at double the original pressure plus an additional amount of pressure 
due to the heat contained. This heat represents an expenditure of about 
30 per cent, more power than the previous example ; such a compressor 
would give a minimum result for the power applied, and its indicator 
would trace an adiabatic curve. 

In actual practice no cooling is perfect, no cylinder a non-conductor, 
and the indicator pencil traces a line between the adiabatic and isothermal 
curves, as shown in Fig. 57. The additional heat imparted to the air in a 
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badly cooled compressor would be ndvantagcous ralher ihiin otherwise, 

provided the air was used while still hot, but this is never done ; it is stored 

ill naked receivers, conveyed through naked pipes, and since the heat is 

not utilised, it represents power wasted. In recent years much has been 

done towards minimising this loss by means of stage compression and 

intercooling ; but the first step in this direction consists in supplying cool 

air to the compressor inlets. The colder the air, the more efficient the 

compression, and every degree of heat abstracted is just as important as 

those added to feed water or to superheated steam ; a reduction of 5° in the 

temperature of the air admitted is eiiuivatent to an increase of i per cent, 

in the capacity and efficiency of the compressor. When the entering air 

I is cold the relative increase of heat during compression is less than with 

I warm air ; the author has satisfied himself on this point by running un- 

I cooled and unjacketed compressors with very fair efficiency, as long as the 

ilering air was between freezing point and zero. 

In the face of these facts, what is the general custom? Is it not to 

take air from the engine-room, where it is several degrees hotter than the 

outside air? In hot climates even outside air may generally be reduced 

1 temperature by some simple arrangement of water dripping over pipes, 

r, since no pressure is involved, by pa.ssing the supply through some 

[ discarded cooler or condenser. 

In stage compression the work is divided between two or more cylinders, 

I and as the pressures used in mining work do not exceed 80 or 90 lbs. per 

square inch, two-stage compression is generally employed. The advantages 

of this system are numerous; (1) the compression is less rapid, more time 

being taken to compress a given quantity ; (j) each cylinder is subjected 

to less variation in temperature ; (3) there is leas difference in the pressure 

r on opposite sides of valves and pistons; (4) the clearance in the high- 

[ pressure cylinder is of less cubic capacity ; (g) the air can be cooled in its 

passage from one cylinder to the other. 

In the single-stage .system, when compression is completed in one 

cylinder, the parts in contact with the air are more highly heated than they 

; would be if the compression were only carried to half the extent. Part of 

I this heat is abstracted by the next incoming charge, and the cylinder is 

I filled with heated, and therefore rarefied, air. The water jacket keeps the 

heat of the cylinder itself within reasonable hmils, but has little effect on 

the charge, since only the outer ring of air is in contact with the cooling 

surface. 

The centre part of the charge docs not part with its heat ; in any case 
^ the heating is so instantaneous and air such a poor conductor that the 
(duration of the stroke affords no lime for abstraction of the heat. 

In two-stage compression, the charge from the low-pressure cylinder 
es through an inter-cooler on its way to the high-pressure side. Here 
^its temperature is reduced, but as the pressure remains constant, the volume 
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must vary in accordance with the laws already quoted ; the result is, the 
high-pressure cyHnder receives a charge diminished both in temperature 
and volume. 

Clearance between piston and covers is essential in every cylinder, and 

K 
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as the length of clearance is nearly constant, the cubic capacity will vary 
with the size of the cylinder. This space is filled with air at maximum 
pressure, and is larger in the single-stage compressor than in the small 
high-pressure cylinder of the compound system. It is true the latter 
system has two cylinders, each with clearance spaces, but in the low- 
pressure side this space is filled with air at only half the total pressure. 

The actual result of these advantages is an economy of about 20 per 
cent, in favour of the stage system. 

A compressor is necessarily affected by the pressure of the external air 
as shown by the barometer ; the air being lighter as the altitude increases, 
the engine delivers a decreased volume per stroke, or requires larger 
cylinders to deliver a given volume, 'i'he volumetric efficiency decreases 
about 3 per cent, for every 1,000 ft. above sea level ; as the resistance is 
less, the motive power required is also less, and decreases about li per 
cent, for every 1,000 ft. of altitude. 

When considering steam, it was noted that the heat required to produce 
a given increase in pressure decreased as the total pressure increased ; the 
same thing happens with regard to air compression, the heat losses decrease 
and the power is applied to better advantage at high pressures. About 8i 
H.P. arc required to compress 100 cub. ft. of air to 30 lbs. per square inch ; 
but this same power, if applied to air at 30 lbs. pressure, would raise it to 
90 lbs. per square inch, 'i'hirteen and a half H.P. arc required to com- 
press 100 cub. ft. of free air to 60 lbs. per square inch; but the same 
power applied to air at 60 lbs. increases the pressure to 350 lbs. per square 
inch. 

There is in each case a diminished volume to work with, and these 
high pressures only show to advantage when used in compound motors, 
for in this class only can the exhaust be reduced to anything approaching 
atmospheric pressure. 

It is useful to remember that each 100 cub. ft. of air delivered per hour 
at 60 lbs. per square inch represents one H.P. 

Precautions are taken to avoid heating the air in compression, mainly 
because that heat is afterwards lost ; but the air may, w^ith great advantage, 
be heated before being used, especially as the volume is augmented with 
every increase of heat. The same quantity of heat that raises i lb. of water 
I*" Fahr. raises 1 lb. or 13 cub. ft. of air 4**; the heat, therefore, is applied to 
better advantage even than in a boiler, 'i'he apparatus for reheating is of 
the simplest description, a coil of pipe, a nest of tubes, or an old boiler, 
will enable the air to be heated to 300"* Fahr. with a very small quantity of 
fuel. Care must afterwards be taken, by covering the pipes and other 
means, to prevent this heat from being lost ; this usually implies that the 
reheater is placed close to the motor. For example, let the air be at 60° 
Fahr., and 90 lbs. pressure, if the temperature is increased by 240** the 
volume is increased 46 per cent. ; if the air were heated to 350° the volu- 
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metric Increase is 55 per cent. ; hence a double advantage results, more 
air, and a temperalure perriulling thai air lo be used expansively, 

The followitig example of reheating occurred al a mine in ihe author's 
charge, where a direct-acting pump was employed on a lift of 600 ft,, 
power being supplied by a boiler steaming both winding engine and 
pump. A compressor driven by waler power was in.slalled, and as air was 
cheaper ihan coal, the mains were connected to the pump, unabling it to be 
driven either by stenm or air- 
As the sleam pressure exceeded the air pressure by a few [wunds, the 
two were mixed jusl before admission tu the pump ; although (he amount 
of steam admitted was only that due lo ,'„ of a turn of a 1 i-in. wheel valve, 
the pump raced away as though the pressure had been considerably in- 
creased. It was found possible to work another tuck drill even when the 
pump Wits going, and the iiuanlity of steam used was so small that the 
boiler attendant did not know ibe valve bad been oitcned. Unfortunately 
press of other duties prevented an exact determination of the economy 
effected. 

As a dynamo, by reversal of current, becomes a motor, so asleam-enginc 
may become a compressor— the action may be noticed in a locomotii-e 
running light downhill; as originally made, compressois were ordinary 
steam engines with air cylinders attached. At Rrst sight it might appear 
that an engine working with 90 lbs. of steam is subject to the same strain 
as a comjiressor delivering at that pressure; but the massive build of a 
welt-designed compressor points to a different conclusion. 

In ihe engine the piston is receding from a decreasing pressure, in ihe 
compressor advancing against an increasing resistance; in the engine the 
load resists going forward, in the compressor it actively pushes liackward ; 
and in the latter the maximum steam and air pressures occur at opposite 
ends of the stroke, one being highest when the other is lowest, the balance 
being transmitted through the bed-plate and connections. 

Such strains cannot be taken by an ordinary base-plate. They demand 
a girder frame with straight line resistance in the same plane as the piston 
rods, and the utmost support a solid foundation can afford. A com- 
pressor driven by sleam is complete in itself, and consists of a sleam- 
engine with air cylinders attached ; but motion may also be derived from 
a crank shaft driven directly by an impact wheel, or by belts, ro|»es, or 
gearing from any hydraulic or eleclric motor. In detail the chief difference 
in compressors lies in the control of the air valves, which may be effected 
either by springs, by air pressure on pistons, or by motion derived from 
the motor, the last variety having a positive action. 

In small compressors the inlet and outlet valves are generally con- 
trolled by springs ; as the inlets are horizontal, the spring, in addition lo 
overcoming Ihe friction due to the weight of the valve, must be strong 
enough to close it sharply. That this spring tension is not a negligibU 
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quantity when multiplied by the area of the piston and its stroke, is 
proved when the inlet springs are even slightly tightened on an un- 
governed compressor ; the revolutions per minute at once decrease. 

The outlet valves are forced upward by the pressure beneath, and 
downwards by the air pressure and spring tension above. While air is 
passing through them they are in a state of unstable equilibrium, chattering 
on their seats, so that three or more distinct beats may often be heard. 
The result is seen in the wavy discharge line in the diagram, and wear 
on the valves and their seatings. Lastly, in order to use springs of 
reasonable strength the valves must be light and small, consequently ihey 
must be numerous, and this often leads to equally numerous pockets and 
enlarged clearance space. 

It will not be necessary to discuss the merits of the various mechani- 
cally controlled systems. The best known, if not the parent idea, is the 
Riedler, and the valve action has already been described in Chapter VII. 
Some very fine compressors with these valves have been erected in South 
Africa, but detailed descriptions of the many different makes in use would 
be mere catalogue work. It will be sufficient to refer to typical engines 
of English and American manufacture, and the Walker and Ingersoll- 
Sergeant machines have been selected for this purpose. Each of these 
firms makes a speciality of this class of work, and it would be as reason- 
able to order a locomotive from a marine engine builder, as a compressor 
from a firm who have not made a study of this type of engine. Although 
each of the above firms can and do make compressors in all sizes, in 
mining work Messrs Walker Bros, are best represented by their heavy 
installations, and the American firm by the excellence of their smaller 
engines, which can be delivered from stock. 

The Walker Compressors will be found on almost every im- 
portant goldfield in the world, large numbers being in use in South 
Africa, India, Australia, and Canada. They are made in sizes up to 
3,000 I.H.P., in different arrangements and combinations of steam and 
air cylinders. For large installations they are supplied duplex, compound, 
condensing, with Corliss gear, and single or multi-stage compression. 
For smaller equipments a single half may be erected first and converted 
into a duplex by the addition of a second side at a later date. Great 
strength of parts and ample wearing surfaces are found in each pattern, 
but the peculiarity of the VV^alker engine lies in the air valves and their 
method of control. On each cylinder cover there are two of these valves, 
one for inlet and the other for delivery. The area of each valve is about 
one-third that of the piston, and when closed, it fills the recess in the 
cover in which it works. 

These valves somewhat resemble the clacks used in pitwork, they are 
freely suspended from hinge pins at their upper ends, and tend to close by 



■ - • 



» ■«. 



»» 



-I - tl ■ * 



'. -1 ■• 



-1 •-.' ^ 

■ 
• • mil ^ ^ 






■ ■ ■ 



• ■ ^ * ■ 1--1 «*-\ **^ *** 



.... ^ . 

^' • . ••* 






•■ . i: • *. - :.- ' \-ii s <:v' •%•»■* ;»v'»' *'*>: S.vy vy 



IT50 



GOLn MrNINO MACHINERV. 



ixpatid, llif; vulve will open, being left behind by the advancing piston. 
I Before the first quarter of an inch in the stroke is completed, the valve 
[ on the opposite side will be dosed. Thus the advancing valve is always 
I shut and the receding one o|)en. This action works regularly at speeds 
I Bs sinw as nine revolutions a minute, -while the clearance spaces are small, 
I a ring being cut in each cover lo receive the projecting rim of the valve. 
The Company manufactures about forty different types, ranging from 
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r the simple straight line "Class A," lo Duplex Compound Corliss machines ; 
I many of the patterns are arranged for belt driving, olht-rs to bu worked 
by electricity. A special type of engine, used for charging pneumatic loco- 
I motives, compresses by the three-stage system to 8,000 Ib.s. per square inch. 
The following table contains some useful iiarlicubrs of tlie " Class A " 
\ machines, arranged for a steam pressure of 80 to 100 lbs. per square inch, 
I the capacity being calculated for sea level ; reduction must be made for 
Multitude as already explained. 
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235 
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38.500 


24 


16 
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3S» 


'.444 


80 


7 


39.700 



Though the loadings will ptobably be heavier, built in the soundest 
possible niannt-T, with the engine rigidly connected to it by numerous 
anchorage bolts, yet the erection itself docs not differ from that of an 
ordinary horizonial engine, the principles of which have already been 
explained. The water service for cooling is a feature demanding special 
attention ; in gas and oil motors ihe amount of cooling need only be 
sufficient 10 prevent excessive heat in the cylinders, consequently the 
water may circulaic, and be used again while still warm. For air com- 
pressing a constant supply of water is required, the colder the belter; one 
advantHgc in driving compressors by hydraulic power lies in the abundant 
cooling water available. The service piftes are arranged that ihe water 
enters at the bottom of the jackets and leaves at the top, the overflow 
l>eing usually further heated and used for feed. 

Intercoolcrs also require a constant supply, and under favourable con- 
ditions, with ample water and cooling surface, the temperature of ihe air 
supply to the high-pressure side should not exceed that of the -surrounding 
atmosphere. The average quantity of cooling water required is 6 cub. ft. 
per 500 cub, ft. of free air dealt with. The steam supply is preferably 
regulated by the uir pressure, any decrease in pressure admitting more 
steam to the engine. The reei.rding pressure gauge is a useful filling, not 
only as a check on the engine room stalT, but for settling the endless dis- 
putes between the surface anil underground men, the lalter, es|>ecially 
when on night-shift, being prone m make " low air " an excuse for every 
deficiency. 
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Lubrication of the air cylinders is an important matter, an unsuitable 
oil soon forming a semi carbonised deposit on pistons, covers, and valves, 
and in this way fills the clearance spaces, already reduced to a minimum 
for the sake of efficiency. This deposit of burnt oil happens to be an 
excellent non-conductor, a very thin coating interfering seriously with the 
cooling effect of the jackets. A good quality of gas-engine oil will be 
found satisfactory for internal use, but in any case the surfaces will require 
cleaning occasionally ; negligence in this respect has led to broken bed- 
plates on more than one occasion. 

The tightness of most inlet valves can be tested by painting their faces 
with soapy water while at work ; leaky outlet valves will tighten the inlets 
on their seats if the engine is standing under pressure ; diagrams should be 
taken at regular intervals from both steam and air cylinders. 

To find the quantity of air delivered at a given pressure, multiply the 
displacement of the piston in cubic feet per minute by the following 
constants : — 



Air pressure in lbs. per sq. in. 
Constant . . '. . 



30 
0332 



40 
0.275 



50 
0.232 



60 70 , 80 

I 

0.21 0.185 i 0165 



90 
0.15 



100 
0133 



Owing to the heat generated in compression the quantity of air actually 
delivered to the receiver will be slightly in excess of that given by this 
formula. 

Receivers.— From the engine the air passes to the receiver; this is 
simply a reservoir, the shape being immaterial, as long as it is strong 
enough and free from leakage. As the demand for air is a constantly 
fluctuating one, varying with the number of machines at work, it is in 
every way economical to have ample storage capacity. 

Disused boilers may be pressed into service for additional receiver 
space, while an air main of ample diameter adds to the storage capacity 
and diminishes frictional losses. The receiver fittings consist of stop valve 
to the main, safety valve, pressure gauge, and drain tap ; the pipe connec- 
tions should be so arranged that the air does not enter and leave the 
receiver at the same point, as during its stay in the receiver much of the 
surplus moisture will be deposited, 'i'o faciHtate drainage of this water, 
it is well to raise the receivers a foot or more clear of the ground. 



Air Mains. — As stated above, a large main prevents friction and 
affords storage space; useful effect may be, and usually is, lost through 
adopting a minimum size for the work required. 

The resistance the air meets with in its passage through a pipe is 
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inversely as the length, directly as the diameter of the pipe, and directly 
as the square of the velocity. 

For horizontal and incline work an excellent pipe is made with loose 
male and female flanges at the ends ; the extremities of the pipe are 
beaded outwards for a quarter of an inch after the flanges are on. Such 
pipes are not weakened by screw threads and are very light ; they are 
easily cut to lengths required, and flanged in dies supplied for the purpose. 
For vertical shafts fixed flanges are preferable. 

In laying down the main, cross pieces should be left at each level and 
tee pieces at every cross cut, with valves in each case to cut off" the 
distribution pipe supplied ; the gate valve allows a clearer passage but is 
more difficult to repair and keep tight than the ordinary wheel valve. The 
main should extend at least a length of pipe below the lowest connection 
and be fitted with a trap or drain tap at its lower end. 

Two-inch wrought-iron pipe is generally selected for distribution work 
in levels ; nothing is saved by using i Jin. pipe, except a trifle in first cost, 
and an unnecessary complication in sizes is introduced. Towards the 
face, the 2 in. pipe gives i)lace to i-in., which is laid temporarily as the 
heading advances. 

As pipe laying and jointing form the subject of a separate chapter, it 
will be sufl[icient to say that a properly laid air main and connections 
should show no fall of pressure after many hours* test. It is easier and 
more satisfactory to bring this about by careful laying than by seeking out 
and remedying leaks after the installation is completed. When the 
working pressure is 80 lbs., a hole ^^ in. in diameter allows a cubic foot of 
air to leak through every three minutes. Eflftciency at surface is useless if 
the mains and connections are faulty, the most troublesome parts to keep 
tight being generally the hose connections and the temporary i-in. piping 
laid as the face advances. 

All connections should be tested at regular intervals, say once a month, 
and a record kept of their performance ; as it might interfere with the 
mine work if the mains were closed for several hours, it will be sufficient 
to shut all terminal cocks and note the number of revolutions the com- 
pressor has to make in ten minutes to keep the pressure constant. Suppose 
the ordinary speed of the compressor is 100 revolutions a minute, and 
with outlets shut it takes 50 revolutions in ten minutes to keep the 
pressure constant, the leakage is then 5 per cent, of the total amount 
supplied. 

The following table gives the capacity of various pip>es in cubic feet of 
air per minute, at different pressures, the loss of pressure being limited to 
I lb. on the square inch : — 
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Air Pressure, 
in Poun<ls per 
Squ.ire Inch. 












Itoie of Pipe. 










I in. 

16 
18 

19 


1 
1 4 in. 

48 
53 
57 


2 ins. 

107 

i»7 
127 


24ins. 

193 
212 

229 


3 ins. 


3 J ins. 

471 

517 
560 


4 ins. 


4^ ins. 5 ins. 


6 ins. 


7 ins. 


60 

75 
90 


315 
346 

375 


668 

734 
794 


905 

994 
1,070 


1,180 1,890 
1,300 2,080 
1,410 2,250 


2,810 
3.090 
5.340 


■ 










Cubic feet per minute. 









Average Number of Cubic Feet of Free Air Required to run 
ONE Rock Drill at Different Pressures. 



Gauge 
Pressure. 


2 ins. 


1 

2| ins. 


2-1 ins. 


25 ins. 


1 
3 ins- 


3i ins. 


3i in-*^- 


3g ins. 


1 
3 1 in-'*- 


60 Ihs. 


50 


60 


68 


82 


90 


95 


100 


"3 


120 , 


70 „ 


56 


68 


n 


93 


102 


108 


»»3 


»30 


»35 


80 „ 


63 


76 


86 


104 


114 


120 


127 


142 


150 


90 „ 


70 


84 


95 


' 115 


126 


133 


141 


»59 


167 


100 „ 


77 


92 


104 


126 


138 


146 


»54 


175 


184 



[ iss ] 



CHAPTER X. 

ROCK DRILLS, 

Types —Holman and Ingersnll-Scrireant Drills — >founts — Bits — Drilling — Rotating Drills 
— Klectric Drills— Sharpening and Hardening Hits — Diamond Drills — Ereclinj; — 
Running — Deflection in Bores — Deep Bores — Tabic of Sullivan Machines and 
Deriicks. 

Of the many forins of rock drills, the percussive air-driven machine is 
practically the only one used in the boring and blasting jjart of gold-mining 
work. It is not necessary to refer to the hand machines which, in various 
patterns, have been on the market thirty years or more. In most of them 
the drill is drawn back by a revolving cam, and propelled against the face 
by spring pressure ; but after turning the handle a few minutes one is 
reminded the human machine is at its worst in continuous effort, and best 
when used intermittently, as with oar or hammer. 

The air-driven drill is seen to greatest advantage in hard, homogeneous 
ground, free from slips and flaws ; but it has already been pointed out that 
machine work may be economical even when the cost per foot exceeds 
that of hand labour. The drill is essentially a time saver, and in comparing 
the cost of hand and machine work the time factor must not be neglected. 
There is often a saving in labour too, perhaps not in the number of men 
em[)loyed at any one time, but in the total number of days worked for a 
given advance. 

The features desirable in a rock drill are reliability, dead blow, variable 
stroke, portability, compactness, protection and interchangeability of work- 
ing parts, and provision for taking up wear. Most machines combine these 
points to a certain extent, while no drill excels in all of them. 

Nor does any great difference exist in the arrangement of the machines, 
except in the valve action. Valves may be operated in three different ways — 
(i) by the contact of a rocker or tappet with the main piston ; (2) by the 
same medium as the drill itself, air or steam ; (3) by a combination of these 
methods. 

Without reference to any particular make of machine, but merely 
comparing the three valve actions, it might be advocated that the first 
is the most reliable and certain in its action ; the second, lightest in upkeep 
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and repair ; the third strikes the deadest blow and admits greatest variation 
in length of stroke. 

Having had a good deal to do with these machines, tried over twenty 
varieties, and run over forty on each shift, the author is obliged to admit 
that, in his opinion, the American drill is often superior both in workman- 
ship and material to the English. The reason may be that the drill in this 
country is a sort of bye-product of ironworks engaged on other machinery, 
while in America it is made a speciality. There the parts are hardened 
and ground to fit, joints require no packing to make them tight, and 
duplicate parts need not be machined to fit after their arrival on the mine. 

It is patent that the rock drill has to fulfil numerous requirements, many 
of them so conflicting that a compromise is the only possible result. For 
instance, it must strike a dead, uncushioned blow, and yet work with a 
variable length of stroke ; but to comply with the latter condition the valve 
must be capable of reversal before a long stroke is completed. It must be 
strong enough to stand rough usage and yet be light as possible. This 
means the factor of safety must be cut fine to ensure portability ; for it is 
one thing to carry 2 cwt. on a turnpike road, and quite another to drag the 
same weight up a steep, slippery stope. Compactness is equally essential, 
as the angle that can be bored in a confined space is chiefly decided by the 
over-all dimensions of the machine. 

In any drill with a fairly uncushioned stroke, the force of the blow will 
depend on the diameter of the piston, the air pressure, length of stroke, 
and weight of piston rod and bit. Naturally, the diameter of the cylinder 
is the chief factor in determining both the force of the blow and the weight 
of the machine. 

The size of machine to be used at any particular point is often decided 
by the weight and the facilities for handling the weight. In sinking a shaft 
the drill can be controlled by a winding engine or winch, and a 3j-in. or 
4-in. machine may be used. For driving, a 3-in. or 3j-in. would be 
sufficiently heavy ; while in stoping a still lighter one is required. Such an 
arrangement would be practicable when a depot of spare parts is close at 
han3 ; even then diflftculties would arise. There must be spare machines 
of each size on hand, three different sizes of supports, hoses, and bits, and 
such things seem to have a knack of getting supplied to the drill they 
won't fit. 

On most mines it is found preferable to adopt one medium size, all- 
round machine, say a 3-in. cylinder, weighing about 240 lbs. ; and to use 
one make and one pattern in order to keep the stock of spares within 
reasonable limits. 

In all machines the cylinder is supported by an adjustable cradle, and 
fed forward by a screw as the hole deepens. The piston rod at its rear 
end carries a rifle nut engaging with a twist bar ; this bar is held by ratchet 
gear on the backward stroke of the piston, and causes a partial rotation of 
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the drill bit. The exact amount of turn imparted depends on the length 
of stroke ; the longer the stroke the greater the rotation, a complete 
revolution being made in about six full strokes. 

At the from of the piston rod is the chock for carrying the bits. This 
may be taper, in which case the blunt bit is knocked out by a drift ; or 
parallel, when the bit is secured by a U bolt. Each method has advantages, 
the taper chuck is simpler and chL'aper In upkeep. Kut in hard ground it 
is rather too rigid a fastening, leading to broken shanks and piston rods 
when glancing blows are struck. When the drill chuck is an enlargement 
of the piston rod, the front cover is made in halves. Cup leather rings in 
the siuBing-box prevent leakage around the rod. 

There is considerable difference in the area of the two sides of the 
piston, the forward stroke is made under air pressure on the full area, but 
on the backward stroke pressure is only applied to the difference in area 
between the piston and rod. It is plain, therefore, that, under given con- 




ions, the power of the machine to "mud" or withdraw after the blow 
is largely affected by the diameter of the piston rod. 

Excepting those machines working on the compound system, which 
economise air at the cost of increased weight, the differences exist in detail 
only : and sufficient idea of the general arrangement of ihc mechanism 
vill he afforded if three or four types are illustrated. 

Fig. 6i is a section of a Holman drill with air-driven valve. The slide 
valve is carried by a small piston, to which air is admitted by two ball 
valves. These balls, made of hardened crucible steel, are worked by 
iclined shoulders on the body of the piston, and serve to release the air 
from the end of the small piston. The machine is made with zAin., 3i-in., 
3i-in., and jj-in. cylinders. The valve motion is of hardened steel, and 
the stroke may be varied from i to 7 in. 

The machine illustrated in Fig. 61 is fitted with a clutch for parallel 
shank drills, and a reversed cone fitting to the clamp; the alternative 
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arrangement is shown in Fig. 6; of Holman Brothers' tappet drill, arranged 
to take taper shajik bits. 

This drill Is made in (he same sizes as the air valve machine ; the slide 

' valve is worked l)y a rocker, operated more by sliding contact than by 

I impact, with the liali formed on the pislon. The movement of the slide 

"te admits air to the cylinder [wrls, as in an ordinary engine ; the exhaust 

passes out through the s|>act- lieiwetMi iht two ends of (he main piston. 
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Ik;. 62.— IloliiiiinTiipiK.'! Drill. 

All parts of this machine are made to standard gauges, as in fact are all 
Holman macitines; the correct fitting of duplicate pans is therefore 
assured, while the valve chcsl can easily Iw removed should refacing 
be required. This drill has been in use many years, and given great 
satisfaction ; the air drill, though equally satisfactory, being a more recent 
introducticm. 

Fig, 63 shows Ihe guiicral arranj^L-ment and valve gear of the Ingersoll- 
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Sergeant arc valve drill; the valve works over an arc of a circle in the 
direction in which it is impelled by the rocker. The piston is made with 
sloping shouldiTs which slide under ihe rocker, lifting it in the same 
direction as the piston itself is moving ; the valve is held against the face 
by a coiled spring. In all the machines made by this company the twist 
gear is the reverse of English practice, the ratchet wheel being a fixture, 
and the ralcheis carried by the twist bar. The pislon is a forging of 
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highest grade steel, rough turned, hardened, and ground irne on dead 
centres, while ihe cylinders are cast from bartJ, close grained iron. So 
hard are these surfaces that long use serve* hut tu fiolish the working 
faces. As all parts are made lo limit gauge and leiiiplalt, they are strictly 
interchangeable. 

Fig. 64 is the I ngersoU- Sergeant auxiliary valve drill; it belongs to the 
third class, the valve motion being a conibinalion a( the tappet and air 
piston. The auxiliary valve is the small curved piece on the right of the 
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valve gear; being rocked in the arc uf a circle by the main pision, it acts 
as a trigger, and admits air lo work the pision valve. The small screws 
PP serve to adjust the stroke should it lengthen after years of work, owing 
to wear of the pi.ston valve. This machine strikes the dead, uncushioned 
blow usually made when an intermediate action exists between the main 
piston and the valve movement. 

The following table gives particulars of the drills referred to ; the air 
consumption colutnn is not based on tests, and is quoted a? approximate 
only, being an indication of the si/.c of compressor required :^ 
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Description. 



Holman 

IngersoH-Sergeant auxiliary valve 
Ingersoll-Sergeant arc valve 

Holman ..... 
Ingersoll-Sergeant auxiliary valve 
Ingersoll-Sergeant arc valve 

Holman 

Ingersoll-Sergeant auxiliary valve 
Ingersoll-Sergeant arc valve 

Holman ..... 
Ingersoll-Sergeant auxiliary valve 
Ingersoll-Sergeant arc valve 



Cylinder 
Bore. 


Stroke. 


Inches. 


Inches. 


2i 


5 


24 


6 


2i 


6 


3 


H 


3 


H 


34 


6J 


3l 


7 


31 


6i 


3i 


6g 


ii 


7h 


34 


7 


3S 


7i 



Feed. I Weight. 



Inches. 

20 
20 



24 
24 



24 
24 



24 
24 



Air in Cubic Feet 
per Minute at 

80 lbs. per 
Square Inch. 



Lbs. 
128 

165 j 
190 

190 
265 
285 

238 
280 

280 
400 

390 



47 
70 
70 

81 
100 
no 

92 
120 

125 

IDS 
130 
140 



Mounts. — When used for sinking, the drill and its clamp are mounted 
on a column consisting of a wrought-iron tube, from 4 to 4 J in. in diameter, 
furnished with a claw at one end and a tightening screw at the other. 
Columns of various lengths are required to suit workings of different 
widths When closed, they are i ft. or 15 in. shorter than the distance 
they are required to span ; this deficiency is made up by wood blocking 
at each end, so that when tightened up, only a few inches of screw project. 

In driving, the machine is seldom fi.xed directly to the column, as a 
larger area of the working face can be covered at one setting when it is 
supported on an arm projecting from the column. The single screw 
fastening is not sufficiently rigid for this method of holding the machine, 
and the double screw column, as shown in Fig. 65, is generally used. 
The tripod lacks rigidity and is seldom employed, nor do drill carriages 
find any favour, as they cannot reach the face and enable work to be 
resumed until the debris from the former blast has been cleared away. 

Upon an upright column the machine can be adjusted to horizontal 
angles by moving the clamp, and to vertical angles by movement upon the 
clamp ; by combining these movements holes can be drilled at any angle 
the radius of the support and width of heading allow. 



Bits. — As the usual depth bored does not exceed 6 ft., from four to 
si.x bits are required for each hole, and constitute a "set." The difference 
in length in these bits should be about the average depih bored by one ; 
as the length increases, the width of the cutting edge diminishes. An 
average set would be somewhat as follows: — The starters, made of ij-in. 
octagonal steel, about 18 in. in length, and 2 in. wide on the cutting 
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t edge ; the length decreases as ihe bit wears, and starters of various lengths, 
less than 1 8 in., will be in use. The second in the set will be j ft. 9 in. 
long, and 1 J in. on the cutting edge ; made of the same size steel, so that 
when worn short they may be used as starters. 'ITie remaining bits are 
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I of ij-in. steel, the third in the set being 4 ft. long by ij in. wide, the 
fourth 5 ft. fi in- long by ij in. wide, and the last 7 ft. long by 



As the result of v 



sharpenin 



I J in. wide, the I 

: 7 ft. long by 1 

s of intermediate 
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lengths will lie in use. New sets are sometimes supplied in which the hits 
differ in lenglh by ihe amount the machine may be fed forward ; this has 
really nothing to do with the case, unless the softness of the ground permits 
each bit tn bore the full feed of the machine. Suppose a bit i^ in, wide 
has bored a depth of i ft. and then begins to stick, it cannot be followed 
by another bit of the same width, for if the worn bit stuck, the new one 
would be still lighter in the hole. The next size, therefore, has to be used, 
and should it be the full feed length of the machine longer than the former 
drill, it cannot be placed in the machine for want of room. It is clear, 
then, that the ground rather than the machine determines the difference 
in length of the hits. 

The number required for each niachtne also varies with the hardness 
of the ground, and the work done ; thirty each shift would be an average 
supply, and, as an equal number are being sharpened, sixty bits would be 
the full complement. When the sharpening is done by hand, the longer 
sizes are chisel shaped at the cutting edge ; the starters should, when 
possible, be cross bits, as they make a cleaner start than the chisel shape, 
and are less liable to glance when the axis of the bit is not exactly sijuare 
with the face of the rock. 

Although the shanks may be forged in special swages, it is advisable 
to have them turned in a lathe. In any case the cutting edge of the bit 
must revolve truly when rotated with the piston; the clearance between 
the edges of the bit and the hole is very small, and should the bit be even 
an eighth of an inch out of truth, considerable friction will result. This 
will be evinced in the decre.ised efficiency of the machine for the time 
being, and rapid wear on the cutting edge ; no bit can keep its gauge 
under such conditions. 



Drill Running:.— Although 'he machine drill effects a great amount 

of work in a given time, it must be admitted the converse is also true, 
and a little loss of time means much lost work. If the speed in hand 
drilling be i in, in five minutes, a delay of ten minutes means a loss of 
2 in. in depth; while with a machine drill boring at 2 in. a minute. 
30 in. would be lost in the same time. As a rule the actual boring is 
done rapidly enough, it is in setting up the column, adjusting the machine 
to the angle required, and starting the hole that time is occupied. 

The experienced runner avoids unnecessary setting by placing his 
column in a position covering the largest fwssible area of working face; 
he inclines his holes and adjusts his charges so that the cut is taken 
cleanly out, leaving the face perfectly square; he uses his head as well 
as the machine. 

The time taken in setting up would suffice for 10 ft. of drilling ; but 
still greater is the ' and uneven face is left after 

iling. .*' "■' "' as some parts of 
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ihe face will be too near, and others too far, from any position the machine 
can occupy. ^Vorse again is it to have to return ovtr ground already 
finished and set up just for the sake of a few " pops " in ragged projecting 
ends of rock. 

Thf unexpected may always happen, and the runner be deceived in 
the burden on his holes; but this should be the exception, not the rule, 
with any competent man who has had time to accustom himself 10 the 
rock he is dealing with. 

The actual position of the column dejiends largely on the cleavage 
of the country. In driving across strata the rock may be found to break 
best towards the hanging wall ; the column will then be set towards the 
footwall side in order to obtain the proper angle on the cutting-in holes. 
A machine heading is usually carried wider than one driven by hand, 
otherwise the length of machine and bit prevent a favourable breaking 
angle for the holes ; with a working width of 6 ft- or more, the first cut 
may be taken from the centre. 'I'he column may now be placed about 
the middle of the drive, and th; cuCting and squaring holes completed on 
one side, before the arm is turned round to command the other. In 
sinking even a small shaft two settings are necessary, the column being 
placed about 2 Or 2} ft. from the ends. 

In each case the length of the column, when the screw is right in, 
should be i ft. or 15 in. less than the widlb of the working; the wood 
packing placed at each end absorbs vibration and affords a firm hold on 
the ground. When the bar has been prO|>erly and firmly fixed, and the 
hole well started, the rest is com |)ara lively plain sailing. 

After Ihe machine has been fixed in the recjuired position, the face 
of the rock where the bit will strike should be trimmed square with the 
longitudinal axis of the drill — a few blows with hammer and gad are 
sufficient; but if this precaution is neglected, glancing blows will cause 
deflection at the very commencement of the hole, and possibly broken 
shanks and a disabled machine will be the result. 

'I'he hose connection is generally of four-ply canvas, armoured with 
netted or twisted marline, the latter being more easily repaired than the 
more complicated form.s. Air should be blown through Ihe hose to 
clean it, and the machine oiled l)erore connecting it. It should be 
possible to lubricate the drill without removing the hose; and one tea- 
spoonful of oil before each hole will he found to answer the purpose 
better than a cupful at the beginning of each shift. 

A starting bit is now fixed in the chuck, and the machine fed down 
until Ihe stroke is about 3 in., the air cock slightly opened and the 
machine allowed to run easily, gradually increasing the air supply until a 
fair stroke may lie given without drawing the cutting edge from the hole. 

The stroke may now be lengthened and the air supply increased ; the 
machine is fed forward as the hole deepens, the runner being careful to 
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allow ihe longest possible working stroke without hitting the front cover 
of the machine. When the starting bit has reached its full depth, or is 
blunted and ceases to cut freely, or has lost its gauge and sticks, it is 
changed for the bit a size longer. The machine itself does not stick, it 
is always Ihe bit that is at fault, and a tap on the steel will free it ; 
persistent sticking indieates a deflected hole or a bit that ha^i lost its 
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clearance and gauge, If changing to a smaller size bit does not rectify 
matters, it seldom pays to waste further time on the hole. Each time a 
fresh bit is used, allow it to square up the end of the hole before turning 
the air full on. 

In horizontal holes and those pointing downward, water is fed as soon 
as a fair start has been made, and assists in keeping the hole clean and 
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bit cool ; iht sujiply rnay be sufficient to make a thin, liquid mud, or only 
10 lay the dusi, belween ihi'se exlremes a point is rwiched when a thick 
sticky compound results. This should be avoided, and water applied 
either as a spray to lay the dusl, or in sufficient quantity to wash out the 
hole. When all the holes have been bored that can be reached from the 
first position of the column, it is fixed in a new place, or the arm swun^; 
round to enable a fresh set of holes to be bored, with inclination opposite 
to the first. 

\Vhen the round is completed, machine and column are taken down 
and carried to a safe distance from the blasting, the machine bdnj; covered 
over as a protection from dirt. As the larger sizes make 300 and the 
smaller up to 600 blows a minute, and the moti\e power is comjxiralively 
small, good work cannot be done by a dirty, stiffly running machine, nor 
when the bit is not perfectly free to move without rubbing and reaming 
the sides of the bore hole. 

Maintenance.— On every mine where drills are extensively used, 
a fitting shop, or a large section of one, will be set aside for ihcir upkeep 
and maintenance. It will be found a good plan to have each machine 
brought up once a month, that it may be thoroughly cleaned and wear 
taken up before it increases. Host of the wear, especially on exposed 
pans such as the feed screw and nut, is due to the mixture of grit and 
grease in which these parts work ; unless this is cleaned off at frequent 
intervals, both the life and efficiency of the machine are impaired. The 
simplest plan, and one saving considerable labour, is to place the dis- 
mantled |jarts in a lank of soda solution, kept at boiling, point by a steam 
jet, or other means. 

In most machines the cradle is so easily adjusted to the cylinder that 
it may be done by the runner while drilling; it is important that these 
two parts shall be a sliding fit and yet be without shake or play in any 
direction. Another |>oint equally easily adjusted is at the shoulder of 
the feed screw and the cradle bracket ; many means have been devised 
for taking up the wear between feed screw and nut, but none have stood 
the test of continued usage, the alternative is to make these nuts of some 
simple design, 50 that they may be cheaply produced and renewed with- 
out much expense. 

At intervals varying with the amount of work done and care bestowed 
on the machine, the piston and ratchet springs require renewal, so too 
do the piston rings ; new chuck bushings will be required^when worn they 
fail to hold the shank of the bit concentrically with the piston. Drills 
wear, but should not break or get out of adjustment, and with so 

ly good makes to choose from, there is no place but the scrap heap 

for those seen every week in the repair shop. Many of the minor repairs 

:; owing to the unnecessary force with which drillers lighten up the nuts 
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and screirs ; in tightening two metal surfaces together there is nothing to 
"give," or yield, and stripped threads are the result. 

A lathe is an almost indispensable tool and should be large enough 
to rebore a cylinder or turn a piston rod ; on many mines repairs are 
carried to the extent oC rebuilding worn machines and even constructing 
new ones. In case of emergency twist nuts may be cast on a twist bar, by 
coating the bar well vrith thick whitewash, and warming it before pouring 
the brass around it. The facilities to be provided for such work will be 
decided by the cost of imported supplies as against local labour. 

Electric and other Drills.— Although the percussive air drill is 
practically the only one used in gold-mining, rock may also be perforated 
by other means, and electricity, petrol, or water replace air as the motive 
power. The boring may be done in three ways — ( i ) by a percussive action 
derived from a reciprocating motion, (2) by percussive action from a rotary 
motion, and (3) by a rotary motion from a rotary motor. 

In the last class the rotating bit usually lakes the form of an auger or 
twist drill, and has given good results in the softer measures, such as coal 
and some ironstones. A machine of this description, working in an iron 
mir>e, bored ninety holes of an average depth of 4 ft. in a shift of eight 
hours, power being supplied through a length of flexible shafting from an 
electric motor developing 4 H.P. if such results could be guaranteed in 
gold-mines, the air drill might be sought for in museums. 

When the rotating steel bit is applied to hard rock the feed pressure 
increases and the rate of rotation decreases ; this may lie noticed in the 
Calyx machine and in the Brandt drill, so extensively used in the Simplon 
Tunnel. As far as its action is concerned, the latter machine somewhat 
resembles a diamond drill without the diamonds, the drilling bits being 
hollow and furnished with teeth at the cutting edge. The bit is rotated 
eight times a minute by hydraulic power, and fed forward by a pressure 
of lo tons, a constant flow of water being maintained through the tube. 
The trepanlike leeth seem to crush, rather than cut, the rocic ; the average 
rate of boring is 12 ft. an hour in hard gneiss, each drill requiring from 
5 to 6 H.P. 

The weight of the supports necessary to resist the hea\7 feed pressure 
would prevent this class of machine from being apfdied to ordinary mining 
work. 

In the drill With percusjive atiion ilcrivcd from a rotary motion, our 
old friend the hand-pow« oucbiiK turns up in a new gwis^-, and has en- 
listed iMlh dGCirtoVlu^Qg^lllllggjJiyj^lJ^^^^^^^'^'^ 
b ill adapted, 
accounl * " ' 
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g tlidiii .11 other peo['le's expense. 
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Rectprocating Electric Drills exist in several forms— the Edison, 
Sandycroft- Marvin, Van Uepoele, and others ; lliey are mui:li alike in 
appearance and action, having the cradle, ratchet gear, and feed motion of 
the ordinary air drill. The bit is attached to a piston attracted to alternate 




ends of the cylinder by solenoid coils under the influence of an alternating 
current. Since the strokes of the drill are synchronal with the alternations 
of the current, their number in a given time is fixed, or ran only be altered 
by varying the pulsations of the currenl ; bui the length of the stroke Is 
capable of wide and instant alteration. 

At the rear of the cylinder and in front of the ratchet wheel, a coiled 
spring is placed, which acts as a buffer and assists the starting of the pision 
on its forward stroke. 



1 68 rX>Ui MIXIXG MACHINERY. 

One trouble c/ifnm^/n to drills of this type lies in the heating caused by 
rapid reversals of the current ; this meaas loss of power and effect, possible 
darnage to insulation, and in any case additional heat can be disptrnsed 
with in most goldmines. 

The working fjarts arc well protected and the actual wear light, the con- 
duct/^rs l^eing the f^rts most likely to suflfer from dampness ; on the other 
hand, the machine is heavier and does not ^x^re as quickly as an air drill. 
The weight vari*^ from 400 to 450 lbs., the feed length is generally 24 in., 
strokes from 300 to 600 a minute, voltage varying from no to 220, H. P. 
required from three to eight. 



Borings Bits.— The compressor may compress and the rock drill 
fKiund to no pur[x>se if the bit fails to keep its edge and its gauge, and it 
will Ix: advisable to consider in somewhat greater detail these important 
tools and the treatment they receive. This is the more necessary as the 
duty of keeping them in order falls on smiths, who may, from want of cx- 
|>erience or lack of instruction, be led to adopt the shapes and patterns 
common to hand drilling. 

Each individual bit must be correctly shaped and tempered, and the 
first step towards uniformity in temper is the adoption of one brand of steel 
for use throughout the mine ; it is impossible for any sharpener to obtain 
uniform results when several brands of different quality are daily passing 
through his hands. 

In selecting a steel, the best will generally be found the cheapest in the 
end, and although it may not seem advisable to place steel worth ^^50 or 
;^6o a ton in the hands of inexperienced men, even then it is better to 
educate them to the care required in handling a high grade steel, rather 
than adopt an inferior quality. 

The welding steels have special advantages in mining work, they are 
not ruined by a little extra heat, worn-out bits can be joined together, even 
scraps come handy for steeling picks and other work which the smithy may , 
fall back on in case of temporary slackness. 

Although made from one brand, the bits will not be all from the same 
size stock ; it would retjuire too much upsetting to make i}-in. bit from a 
I -in. bar, and the grain of the metal would suffer in the process. The 
starters and followers may be of ij-in. steel, the intermediate lengths of 
1 1 in., and the longest formed from i^ or i-in. bars ; the J-in. steel used in 
hand drilling is crippled by any machine with a cylinder over 2^ in. in 
diameter. The depth bored by each bit will vary from 8 to 18 in., 
according to the hardness of the ground, and the difference in length 
between successive bits will be 12 or 15 in. The difference in gauge 
is determined in the same way, in hard ground it may be \ in , while 
in soft, l( in. is suflicient ; the longest bit is usually i^ in. wide, ensuring 
an easy fit for the dynamite cartridge. As the diameter of the hole may be 
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increased with very little loss of speed, it is questionable whether this 
might not be done, with the advantage of compressing the charge and 
obtaining concentrated effect at the end of the hole, where it is most 
re(| Hired. 

The best form for all round work is the plain cross bit ; a little extra 
care is necessary in sharpening it, but each should do at least half again 
as much work as a chisel bit. 

This is evident when we consider that the amount of rock to be 
removed in each hole increases towards the circumference, and in the 
chisel bit no provision is made for this extra work. In this bit, loo, the 
maintenance of gauge depends entirely on the two extreme comers. The 
cross bit may be considered as two chisel bits at right angles to each other, 
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and presents twice as much cutting edge and has twice as much metal to 
wear away before the gauge is diminished. 

The edges of the cross bit should be perfectly flat on their cutting faces ; 
the rounded or "cock's comb" shape common in hand drills does not 
keep its gauge, glances from the rock unless the blow is delivered perpcn- 
dicularlgr to the face receiving it, and is easily deflected when passing 
oUiqiiely through strata of varying hardness. 

The slope of each lip towards the cutting edge will be 40° to 45°, de- 

nding on the hardness of the rock, making the total angle 80° or go° ; it 

Iter to have a comparatively obtuse angle which will be retained, rather 

I more acute angle which loses all sharpness in the lirst dozen blows. 
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Such a bit, for instance, as No. 2 in Fig. 68, copied from a standard work 
on mining, and i)urporting to be a typical bit, would be useless both in 
hard and soft ground, as it could not keep its edge in one, and would stick 
in the other. Another serious objection to this form is, the gauge depends 
on the wear of four comers which have been thinned and 'weakened 
until little metal remains, as may be seen in the edge at right angles to 
A B, No. 2. 

Bit No. 3 is the result of careless sharpening. Instead of upsetting and 
strengthening the whole face, the smith has drawn out, thinned, and 
weakened each rib of the cross ; such a bit possesses in a modified degree 
all the bad features of No. 2. 

No. I shows a well-made bit, and attention is particularly drawn to the 
plan, where each rib is seen to lie flat on its outer face, leaving e'ght 
massive corners to ream the hole and maintain the gauge of the bit. 
Many an otherwise good drill is spoiled in this respect, and sharpeners 
seem to think the outer surfaces of the ribs should be rounded because the 
bit works in a round hole. The clearance in No. i might be slightly 
increased if the cutting edge were wider in proportion to the diameter of 
the bar. The same shape holds good for chisel bits, the cross rib being 
wanting in this case. Theoretically the edges of an X shape bit are less 
likely to strike twice in the same place and rifle the hole, but the advantage 
is not worth the extra labour in sharpening such shapes. 

Where several sharpeners are employed it is advisable to keej) each 
on one size of bit as far as possible ; he will then have at hand the particular 
swages, dies, and gauges rec^uired. 

Steel is easily injured if carelessly treated in the fire. The chief things 
to guard against are— loo fierce a fire, heating the outside of the bar before 
the inside ; an irregular heat, often due to the blast impinging on the bit ; 
prolonged soaking in the fire ; and a fire that is either too small or nearly 
burned out. 

The forging heat varies in different qualities of steel, a full red in some, 
a yellow red in others ; welding steels offer most latitude in this respect. 
All qualities, however, if heated under proper conditions, may be raised to 
temperatures which would be injurious if carelessly applied. 

Kven a well-formed bit will be unsatisfactory if badly tempered ; there 
are several methods of hardening, the degree of hardness imfmrted to the 
cutting edge depending principally on the temperature of the steel at the 
moment it is quenched. There are several good reasons for hardening 
directly sharpening is finished, known as " plunging off" the anvil," but the 
great objection to the plan is that no particular temperature can be assured 
at that moment. To secure uniformity, therefore, it is best to reheat the 
steel, but the heat should be short, the object being to provide a hard 
cutting edge with a tough backing. Even when care is taken, the length 
heated is generally in excess of that to be hardened, and if the bit is 
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CDoled, the last ri in. at least at the end will be found hard, and more or 
less brittle. This may, in a measure, be rectified by decreasing thi^ degree 
of hardness, a process known as tempering. When llie hardened bit is 
again heated, the hardness passes ofT, not all at once, but gradually, each 
successive stage of decreasing hardness being recognisable by the colour 
on the surface of the steel. These colours show up vividly on high grade 
steels, and faintly on poor qualities ; in each case they are easier to discern 
if the surface of the metal is brightened. On being heated to 440° Fahr. 
the bit, which was when dead hard of a greyish white colour, begins to 
tinge with yellow, and the softening process should be stopped by quench- 
ing in cold water ; ihe same colour serves also for hanimet heads, If the 
heating is continued to 470" Fahr., the colour will be full yellow, or straw 
colour; 31490° Fahr. an autumnal shade of yellow brown is seen; both 
these colours arc suitable for metal turning tools. The full brown, or 
copper colour, at 510° to S»o° Fahr., is used for taps, dies, and axes; the 
purple blue at 540° Fahr. for chisels, cutlasses, and knives ; at 600° Fahr. 
is the full blue spring temperature for saws, and if heated beyond this 
point ihe eflect of the original hardening is lost. 

The temperature to which drill bits should t>e let down is therefore 
440° Fahr. ; a degree of heat which can be secured by placing the hardened 
bits in a molten mixture of one and three-quarter parts lead and one part 
tin. There is not the slightest doubt that an excellently hardened drill 
results from this system of tempering, but unless the above hardening bath 
is used, the time occupied is an objection. The smith has to watch the 
slowly healing bit for the required shade of colour, and be ready to cool 
it when that shade is reached. To meet this objection, the following 
alternative plan is offered, the product is equally uniform, and the 
author has employed it with great success, having first noticed the idea iii 
Colorado. 

The hardening tank is provided with a diaphragm of coarse wire gauze, 
placed hurixon tally and supported at frequent intervals to keep it quite 
level i the cooling water enters near the bottom of the lank, and the over- 
flow is fixed so that the water shall cover the screen to a depth of half an 
inch. Racks are placed above the tank to hold the drill shanks in a 
vertical position. The heated bit is simply placed in the tank where it 
rests on the wire gauze, only the last j in. of cutting face being below the 
water, and is maintained in an upright position by the rack. If a bar of 
steel I in. in diameter were treated in this manner, it would stand a chance 
of being ringed at the water level ; but owing to the thinness of the ribs 
this will not occur to the bii, provided it is not overheated. The thin 
tumbler stands boiling water, while the thick one cracks ; Ihe heated end 
of the bit is in contact with a com[»aralively small Iwdy of water, and 
the ihin ribs conduct the heat and prevent any sudden contraction or 
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The Diamond Drill is Llie niodcrn lelesroije, enabling the D 
" see beyond the point of his pick," to locate and prove the continuity and i 
extent of ore bodies, and to obtain some idea of their probable richness. 
The duty of this machine is to get samples from inaccessible places, and 
for this purpose it is provided 
with tubular drill rods armed i 
with a diamond-set crown on 1 
the lower end ; this rim, or | 
crown, cuts an annular hole, 
leaving a centre piece, or core, 
which can be withdrawn, more 
or less intact, as the sample. 

In South Africa the machine 
has been chiefly employed in 
boring from surface, lo prove 
the underlying reefs, and on its | 
indications large amounts ot ' 
money have been spent in sh^ 
sinking. There is little doubt ' 
much of this deep sinking would 
have been at all events deferred, 
but for the information afforded 
by bore holes. 

But the value of the 
diamond drill as a prospector 
is by no means confined to 
surface work, it is equally im- 
portant underground as a ] 
medium for testing the country I 
surrounding existing workings. 1 
This is s(>ecially the case when ' 
ore bodies of patchy values and 
irregular formation have to be 
dealt with, and in Colorado, 
West Australia, and other 
countries, the drill has largely 
superseded cross-cutting. 

The machine itself contains 
the mechanism for three se])a- 
rale actions, rotating, feeding, 
and withdrawing the drill rods; the inoiive power may be steam, com- 
pressed air, or electricity, the motor being supplied with the drill in either 
case. I'he pump is usually included in the outfit, leaving only power and 
broter to be supplied. ' 



F[ii. 69.— Sullivan "E" IJtill, mcmnleJ u 
columns for undcrjTrinjnd work. C^ijmctl; 
400 A.; core, 1| in. cliamelcr ! svti);hi 
complclc, 5S0 lbs. : weight of Iiea 
piece, 135 lbs. 
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AltliDugh the tlescriiilion applies to any furm of drill, it rffers more 
especially lo ihosi: made by the Sullivan Manufaciuring Company of 
Chicago, who lurn oui drills of bL-tween twenly and ihirty different 
capacities, and who have themselves carried out many important boring 
contracts. As the result of having the machines constantly at work under 
their own supervision, matters of detail and construction have been 
improved until the diamond drill of today is as nearly perfect as the 
bicycle and typewriter. The Sullivan " E " drill is illustrated in Fig. 6g. 

■J'he whole machine is mounted on a cast-iron base-plate resting on a 
wooden fiame ; it is not rigidly attached to this base-plate, but can be racked 
back out of the way of the rods when they are being hoisted. The engines 
are placed vertically, and in all but the smallest sizes have double cylinders ; 
if electricity is used, the motor is wound for no, 220, or 550 volts, 
other voltages l>eing arranged for by special winding. Ihe drill rods are 
always driven through bevel gear, consequently they may be turned in any 
direction around the central bevel wheel, and holes bored at any required 
.ingle. The hydraulic feed gear ts particularly neat, and consists of a 
vertical water cylinder fitted with a piston and hollow rod through which 
the drill rods pass. 

This piston, of course, does not rotate with the rods, but is connected 
to them by an overhead ball bearing. The cylinder is filled with water 
both above and below the piston, and no niattt-r bow great the pressure 
above may lie, the piston cannot descend until some of the water beneath 
it is displaced. The entry and exit of the water are adjusted by two 
valves on each side of the cylinder, and the drill runner can therefore 
regulate his feed to any required pressure. It will be seen the rate 
of feed is in no way a fixed quantity, all that is done is to apply lo the 
piston such pressure as the rock rerjuires, leaving the bit free to advance 
as it cuts. 

A gauge on the hydraulic cylinder shows the total feed pressure, and 
also indicates the resistance opposed lo the progress of the bit ; while the 
water under the piston prevents the rods from falling should a cavity be 
struck— at the most they can only fall an amount equal to any play in the 
liall thrust bearing. That an unlimited range of feed pressures is required 
in work of this kind is evident when it is considered that, in addition lo 
any changes in the hardness of the lock, the drill rods are always varying 
in weight, When the hole is shallow the weight of rods may be insufficienl 
to cause the bit to cut : as the hole deepens and rods are added the amount 
of prt;ssure required decreases ; later on the rods are of more than sufficient 
weight and some of it must be taken off the crown by the water beneath the 
hydraulic piston. In some of the smaller drills the hydraulic arrangement 
is replaced by a differential friction driven feed, the pressure being adjusted 
by regulating the tension of the spring acting on the friction washers. The 
rods are held and driven by a clutch, to their upper end is fastened the 
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water swivel and hose connection, while to their lower end the core barrel, 
extractor, and crown are attached. 

Erection. — The only foundation required is a firm and level platform 
to carry the machine ; this is obtained by four mud cills, each about 8 in. 
square by 12 or 14 ft. long ; they are well bedded, levelled up, and covered 
with a floor of 2-in. planking. These cills should be so laid that the weight 
of the drill comes on two of them, not on the flooring. The floor is roofed 
over, a space being left for the rods to pass through ; in cold climates the 
floor space is housed in as a protection to the men employed. The derrick 
by which the rods are raised and lowered is now placed over the bore hole; 
for bores of 500 or 600 ft. in depth, a tripod 35 ft. high is sufficient. As 
the depth increases a constantly increasing proportion of the time is occu- 
pied in raising and lowering the rods, and the shorter the length of rod 
dealt with at one time the longer the whole operation takes. 

In all deep boring the height of the derrick becomes an important 
factor in determining the rate of progress, and it should permit rod sections 
50 ft. in length being disconnected at a time. These high derricks may be 
built of timber, but if many bores are to be made, the tubular steel structure 
illustrated in Fig. 72 (p. 177) soon pays for itself; not only is their total 
weight much less, but the various sections do not greatly exceed i cwt. 
each. They are constructed entirely of stout steel piping held together by 
steel joint pieces, no screwed threads being used. 

Another factor affecting the rate of deep boring even more than the 
height of the derrick is the length of the core barrel ; this, provided the 
crown stands, determines the depth that can be bored before hoisting the 
rods, and consequently the number of hoists required in any given increase 
of depth. 

When the necessary water and steam connections have been made to 
engines and pump, everything is ready to start drilling, provided the rock 
outcrops. But the surface is usually covered with a considerable depth of 
earth, sand, gravel, and decomj)Osed rock, which would cave and fill the 
borehole. These strata are bored through with a chopping bit, worked 
from the engine by a rope around the hoisting barrel, and the hole lined 
with pipe ; the driving is done by screwing a drive-head on the upper end 
of the pipe and letting a weight fall on it. The weight is lifted by the 
engine, the action being similar to that of a- pile driver. 

Even when these upper strata are passed through, there may still be 
several feet of broken rock, pieces of which might fall into the bore ; this 
is bored through with a large crown and lined with casing pipe dropped 
inside the drive pipe. 

When this casing is firmly jointed to the solid rock the usual routine of 
boring commences, the diamond-set crown cuts its annular hole, leaving the 
core standing within the tube or core barrel. The core lifter lies within 
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the liarrel and is free lo slide dowfn over tho core but cannot be pulled up 
over it ; when tlie bore has reached such a depth that the core liarrtl is Tull 
(5 or 10 ft.), drilling is suspended and the rods lifted. On the first upward 
movement of the rods the core lifter seizes and detaches the core, retaining 
it within the larrel until it is brought to surface. In deep work core barrels 
of greater length are used, 15 and jo ft. lengths being employed, provided 
the crowns can cut to that depth at one setiing. 

A constant stream of water is pumped down through the rods, and 
passing underneath the crown, returns to surface outside the rods, bringing 
with it the sludge and borings made by the bit ; this water may be settled 
in tanks and used again. 

Provided the water returns to surface, a daily supply of 1,000 yals, 
will he sufficient ; but the bore may at any lime strike a crack or fissure in 
the rock into which all the water passes, none returning to the mouth of the 
borehole. This contingency should be guarded against by providing a full 
supply of 3,000 gals, daily. 

The bort, or carbons, are usually in pieces from 2 to 3 carats in weight, 
the larger sizes being preferred, as the weight is constantly being reduced 
by wear. The stones .should have no decided ajid prominent angles, as in 
cut brilliants or fragments of hardened steel ; rounded, obtuse angles arc 
better, as affording more support to the culling point. 

The crown is formed of .soft charcoal or Swedish iron, set with eight to 
sixteen stones according to the site of the bore : at least two of the stones 
are set to give clearance on the inside, and two others on the outside of the 
crown, the remainder being disposed so as to cover the cutting face. The 
clearing stones should project about „'-- '"- IfOTi the crown, cutting a 
clearance space of jV in. around the rods. 

VVhen setting the crown, the seatings are marked off and bored out 
with a hand drill, the bored holes Ix-ing afterwards enlarged to fit the 
stont:s; when each stone has been well seated, it is fixed in position by 
caulking the soft iron securely round it. In rock of average hardness, a 
well-set crown will bore from 12 to 18 in. an hour; but no correct 
estimate of speed or cost can be given, as the conditions vary not only 
in different districts, but hourly in each borehole. 

The average of sixty bores in melamorphic rock, made in j\ustralia. 
South Africa, and West Africa, is a daily rate of to ft., the bores averaging 
570 ft. in depth. The cost of such work is between 15s. and 15s. a fool. 
In bores more than 1,000 fl. in depth the s|)eed falls off, and the cost 
increases to 155. or 35s. a foot ; these figures do not cover depreciation on 
plant, nor contractor's profit, when the work is done on the contract plan. 
The wear of cartwns works out exactly at los. a foot over the sixty bores. 
The cost may be increased by mishaps, such as meeting with broken 
ground, when loose fragments tear one or more carbons from their seat- 
ings; these loose carbons speedily destroy the rest of the crown, axif\ 
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is roughly ascertained by magnetic and dip needles imnietsed in warm 
gelatine solution which solidilies in the borehole; the position assumed 
by the needle with regard to the glass tube in which il is set gives an 
approximate idea of the deviation. 

The machine shown in Fig. 7 1 is one of the most powerful made by 
the Sullivan Company, and has put down some of the deepest bores in 
the South Afritan gold 
field, a country in which 
an unusual number i>( 
deep bores have l)een 
made in order to locate 
the reef at increasing dis- 
tances from the outcrop. 
The deep bore at 1 loom- 
kloof was carried to a depth 
of 3,100 ft. by the Sullivan 
"N"drill, which has a rated 
capacity of only i.ooo ft., 
and was completed at 
5,560 ft. by the "I"' drill, 
with a rated capacity of 
4,000 ft. It will be noticed 
that the Sullivan machines 
are rated well within their 
capacities. When the Ijore 
was nearing completion the 
rods alone weighed be- 
tween 15 and id tons, this 
weight being handled by 
the engine without diffi- 
culty. The huring occu- 
pied fourteen months, an 
average speed of 400 ft. Fiu 71.- I'tiierit TuUuIni Sutl Dcirink, miulc 111 

month ; the rotis were stciions, for transport. 

pulled in 50 ft. lengths 
by means of a tubular steel derrick 66 ft. high. At a depth of 5,000 A., 

. 3A hours Were taken in lowering the rods, and from jj to 4 hours in 

k hoisting them. 

It was the "P" drill also that bored to 5,582 ft. at Springs, near 
Qohanncsburg, beginning on ist May 1904 and finishing on 2nd February 

|jgoc. an average s|jecd of more than 600 ft. a month for over a mile 
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Particulars of Sullivan Diamond Drills. 











1 

1 






Weight. 


Size of 
Drill. 


Depth of 
Hole. 


Diameter 
of Core. 


Motive Power. Boiler. 


Si/e of Pump. 


including 

ICquipment, 

Lbs. Packed. 






I nchcs. 




i 








Feet. 




H.I-. ' 








M 


300 




Hand. 


1 


■ • • 




1,351 


E 


400 


1 s 
1 6 


Slcam or air. 8 1 


4-1 X 2^ X 


4 


2,034 


s 


500 


n 


,, » 


8 


4A X 2 j X 


4 


2,606 


H 


1,000 


ih 


>♦ » 


10 ' 


4i X2|x 


4 


3»997 


HG 


1,000 


li 


,» , 


, 10 1 


4^ X 2f X 


4 


3,997 


C 


1,500 


14 


>, , 


, 12 


6 X 4 X 


6 


4,556 


B 


3,000 


liJ 


,, , 


'5 1 


6 X4 X 


6 


6,035 


N 


2,000 


2 


,» 1 


20 1 

' 1 


74 X 4i X 


6 


6,703 


BN 


500 


2 


,, , 


10 ' 


6 X 4 X 


6 


5721 


CN 


800 


2 


,, » 


, .10 


6 X 4 X 


6 


5J2I 


P 


4,000 


2 


1, , 


25 , 


74x4ix 


10 


10,794 


PK 


5,000 


is 


,, , 


30 


8 X4 X 12 


19,920 


K 


6,000 


2 


,, , 


40 


8 x4 X 


12 


40,920 , 


R 


300 


n 


Electric. 


• • • 


6 X4 X 


6 


3,186 


RS 


500 


I r, 

.1° 


,, 


• • • 


Triplex electric. 


6,294 


RH 


1,000 


,, 


1 
1 


», ,, 


4,797 

1 



Particulars of Derricks (pp. 174, 177). 



Height. 


No. of Legs. 


Will Hoist 
Feet. 


Safe Working Load. 


Weight of Derrick. 
Lhs. 


Feet. 


Lbs. 


30 


3 


24 


4,000 


1,500 


38 


3 


32 


5,000 


1,900 


38 


3 


32 


10,000 


2,300 


5* 


3 


45 


15,000 


4,100 


63 


3 


55 


20,000 


5,400 


52 


4 


45 


18,000 


5.500 


63 


4 


55 


24,000 


7,000 


77 


4 


67 


40,000 


20,000 
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CHAPTER XI. 

CRUSHING MACHINERY. 

• 

Stamp Mills — Selection of Site — Mortar Boxes — Foundation Piles — Screens — Cams — 
Framework — Guides — Stamps — Sp)eed — Order of Drop — Duty — Erection — Amalga- 
mating Tables — Water Supply — Ore Feeders — Rock Breakers — Steam, Pneumatic, 
and Spring Stamps — Grinding — Pans — Settlers — Ball Mills — Tube Mills — Rolls. 

Stamp Mills. 

With the possible exception of the amalgamating machine, in which the 
pulp is to strain through a mass of quicksilver, no part of mining equip- 
ment has received so much attention from the inventor as the stamp mill. 
There are, or have been, one-head stamps, spring stamps, steam stamps, 
pneumatic stamps ; batteries have been made with two cam shafts, one to 
knock the stamp down, the other to lift it up ; and the blow given by the 
revolving stamp has been increased by coiled springs and air cushions. 
Yet the fact remains that the revolving stamp, in practically the same 
form as it was a cjuarter of a century ago, is universally employed for 
reducing simple ores. 

Improvements have been made within the period mentioned, but they 
affect neither the shape, form, nor action of the machine ; the weight of 
each head has been increased, the single arm cafn has disappeared, ten 
of them are no longer seen on a shaft, the gear drive and double discharge 
mortar have practically gone ; but the trifling nature of these modifications 
is perhaps the best testimony to the stamp's suitability to its work. 

The strong point of the stamp battery is that it consists of a few 
simple parts, those liable to wear being easily renewable ; and the 
efficiency of the machine cannot be increased by any additional parts 
without detracting from this simplicity. 

There is certainly no part of the whole equipment of the mine requiring 
more careful location than the mill, and it may be that a difference of a 
few hundred feet in the position of the site will materially affect the cost 
of the process. 

The requirements of a good site are — (i) sufficient fall to ensure an 
automatic process and room for disposal of tailings ; (2) accessibility for 
ore, fuel, and water supplies ; (3) firm ground, to afford a solid foundation. 
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The fall is of such importance that other considerations are often 
sacrificed to secure it ; if it be insufficient, either the pulp or the tailings 
must be handled before the process is comijlcted, and the cost of treatment 
thereby increased. When once the ore is loaded into trucks or skips, the 
cost of tramming it a little farther or hoisting a little higher is immaterial, 
but a separate handling is quite another matter, entailing expense which 
may be avoidable. In an ordinary mill, fitted with concentrators, pans, 
and settlers, 35 ft. is the minimum fall permitting an automatic process ; 
40 ft. is better still, while 70 ft. will be required if the cyanide process is 
added. It is not necessary that the mill site should slope to this extent, 
as height may be gained by delivering the ore at some distance above the 
ground level ; but no opportunity of increasing this fall should be 
neglected, to provide for the disposal of tailings below the mill. 

Although the weight of water recjuired at the mill exceeds by six to 
nine times that of the ore treated, yet, as the former is easily and cheaply 
handled and is delivered at a lower level, the ore supply becomes the 
chief consideration. Here the distance from the shaft becomes a factor, 
the ideal conditions being attained when ore can be delivered from the 
shaft to the battery bins by belt conveyors. In every case, if the ore 
supply is well carried out, neither the fuel nor the water are likely to 
cause difficulty. 

The firmness of the ground is of secondary importance, as in bad 
footings the mortar piles may be extended in depth, until their own dead 
>veight and the side pressure of the ground relieve the bottom from the 
force of the stamp blow. Made or filled ground should be avoided, 
neither should the mill stand on the back of the reef, where the founda- 
tions may be undermined by stoping at shallow levels. 

'I'he area required will be considerably more than that of the building, 
as room will be required for storage of fuel, water, and possibly for ore, 
settling tanks, and tailings. In laying out the ground nothing of a 
permanent nature should be allowed to occupy space which may be 
needed for extension of the plant, even though such extensions are not 
contemplated at the time. 

Each stamp battery consists of four main parts : the mortar box and 
foundation it rests on, the cam shaft and cams, the framework supporting 
the cam shaft, and the five stamps. 

Mortars. — The duty of the mortar is to provide a firm bed for the 
dies, to hold the screens, and to retain the pump until of sufficient fineness 
to pass through the screens. Mortars which are narrow in width increase 
the rate of discharge by bringing the screen nearer the stamps, so that the 
pulp is not only washed, but to sor ^ ''"'ivcn, through the jxirfora- 

tions. This cannot be done mf ^e screen to greater risk 

of injury. 
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The rate of discharge is also aflected by the distance from the top of 
the din to ihe bottom of llie screen ; the closer these are together the more 
the blow of ihe siamii tends to drive the pulp through, and also to injure 
Ihe screen by flying fragments of stone. As this distance increases with 
the wear of the die, mortars are sometimes provided with loose false 
bottoms, on which the half-worn dies can be packed up. 

Amalgamating plates were formerly fitted inside the mortar, and are 
still used where the ore contains coarse gold ; but the modern tendency is 
to use the stamp battery more as a crushing machine, and to make the 
gold extraction a separate process. The lower part of the mortar, ex- 
posed to wear by the friction of the pulp, is usually lined with steel plates 
about an inch thick, each set lasting a year on the average. 

Mortars can be sectionalised for convenience in transport, and the 
boliora part built of several pieces with machined faces, held together by 
longitudinal bolts turned to a driving fit into reamed holes. The upper 
part, or housing, is made of boiler plate. A difficulty is found in securing 
the upper and lower parts together, since neither bolts nor rivets will stand 
the vibration. The only plan that has proved satisfactory is to provide a 
dove-tailed groove 2J in, deep around the boHom, to drop the housing 
into this groove, and secure it by a caulked rust joint. 

The foundation piles or blocks on which the mortars rest are gene- 
rally composed of eight limbers, bound together at the top and bottom so 
as to form a block about 27 in. from front to rear, and 5 ft. if measured 
in the direction of the cam shaft. Tiie length must be such as to allow 
the lower end of the block to rest either on rock or compact picking 
ground. In order to avoid side settlement, the depth below ground should 
always be at least twice the height above the surface. These piles arc 
either supplied with the battery, or obtained locally where timber is 
abundant. 

Screens. — No screens present so lar^e an area of discharge within a 
given space as those made of woven wire. They are not, however, 
generally used, as the wires are easily displaced, closing some of the dis- 
charge openings and enlarging others. 

They are also easily broken ; when made of iron or steel they are 
liable to rust, while brass and cop|]«r are unsuitable if mercury is fed to 
the mortars, as their openings become blocked with amalgam. The life of 
a wire wove screen is from ten to twelve days, but the life of a screen 
should not be reckoned in days, rather by the tons of correctly si^ed pulp 
it has discharged. 

Russian iron or sheet steel is preferred on account of its greater 
Strength ; when punched with round holes the gauge is known by the 
number of the sewing needle fitting the perforation, or by the number of 
perforations to the square or linear inch. Slotted screens generally have 
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the number of their gauge stamped on the margin ; tliose of 30, 40, and 
50 gauge being commonly used. 

When the battery acts as the gold saver, the gauge of screen employed 
must en.sure the fine gold being liberated from the gangue, with a mini- 
mum of sliming the pulp and flouring the gold. 

As the discharge takes place almost entirely from the lower 6 inches 
of the screens, they are usually turned upside down at the end of a 
fortnight ; even if not broken by a month's use, the perforations will be 
enlarged beyond the gauge required. 
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Cams. — The proper curve for the face of the cam is the involute of a 
circle whose radius is the distance from the centre of the cam shaft to 
the centre of the stem ; the lift of the cam will then he in the centre of 
the stamp stem, and no pressure thrown on the guides until the toe of the 
cam has passed the centre line of the stem. The distance between the 
cam shaft and stem is therefore fixed in the design of the cam, and if it is 
altered by wear of the guides, or guides of incorrect thickness, the lift will 
no longer be in the centre, and friction will result. 

When the arm of the cam, in the course of its revolution, strikes the 
tappet, the stamp is not lifted with gradually accelerated velocity, but is 
moved with almost maximum speed The impact of these two un- 
yielding surfaces causes vibration, and even fracture of the shaft. This 
danger is increased the farther the point of contact is from the root 
of the cam ; the radial length of the cam arms should not therefore be 
longer than the lift requires; that is to .say, a cam designed for a lo-in. 
lift should not be used for a 7-in. The stinip does not fall immedi- 
ately the cam has parted from the tappet, in fact at high speed it con- 
tinues the upward motion imparted to it, until at ninety-five drops a 
minute a 7-in. drop results from a 6-in. cam lift. 

The lift provided for by the cam varies in different localities, lifts 
of 15 in. and 18 in. being still used in some parts of Colorado and 
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Australia, and it is claimed that they are necessary for the ore treated. It 
is generally noticeable that batteries with such excessive drops are seldom 
provided with stone breakers, and the battery has to deal with a particu- 
larly coarse feed. Modern practice tends towards a high speed and 
short drop. 

A spare shaft with cams mounted on it is usually kept ready in every 
mill. This is more to guard against accident, as the life of a properly 
lubricated cam is eight to ten years. 

As the cams are double armed, every revolution of the shaft causes 
each siamp to drop twice, or five stamp-drops for each half revolution, 
and the keyways in the cams must be placed so as to effect this drop in 
proper order and sequence. When this order of drop has been decided 
on, each cam is suited to only one position on the shaft. An additional 
keyway, fitting the cam for another position, may easily be cut by mount- 
ing the cam on a spare shaft and drifting out the groove required in the 
bore ; the drift being backed up by an additional thickness of tin or 
galvanised iron after each cut. Keys may, however, be dispensed with 
and the cams secured by curved wedges, the cam by its own action tend- 
ing to fasten itself more firmly on the shaft. 

Framework. — The chief parts of the framework are the three 
battery posts, which support the cam shafts, and are braced together by 
the guide bearers and guides. Each post rests on a solepiece, in turn sup- 
ported by four mud cills. When ore bins are fitted, the posts are braced 
back to them, otherwise they are supported by inclined struts placed at the 
rear, so as to permit free access to the amalgamating tables. Pitch pine is 
the timber generally used when the framing is supplied with the mill. 
Iron framing is no longer employed ; it was formerly preferred for countries 
where white ants are found, but the constant vibration of the framing 
affords sufficient protection against this pest, and timber may safely be 
used in such localities. 

The Guides. — The upper and lower guides are supported by the 
bearers connecting the battery posts. As already explained, there should 
be no pressure on the guides until the toe of the cam has passed the 
centre line of the tappet, when the lift becomes a radial one. Guides may 
be made of any tough hardwood. Before the holes in which the stems 
work arc marked off, packing pieces about ^ in. thick are interposed 
between the two halves of the guides, so that wear may be compensated by 
reducing the thickness of these strips. It is advisable to overhaul the 
guides every month, as when once play has developed it readily increases, 
until heads and shoes are knocked off and stems broken. After the 
packing strips have been entirely removed, wear can be taken up by 
dressing down the guide faces, but this must be allowed for by packing 
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up the back guide, or the distance between shaft and stem will be 
altered. In a few districts, iron guides lined with white metal are still 
in use. 

The Stamp. — The stamp consists of the lifter, tappet, head, and 
shoe ; the total weight of these combined parts was formerly about 850 
lbs., but has gradually been increased until a heavy stamp is now between 
1,000 and 1,600 lbs. in weight. 

The stem, which works in the guides, is parallel throughout except for 
a length of about 6 in. at each end, where it is turned to a taper of one 
in twenty, the hole in the head being bored to the same taper. 

The tappet is bored to fit the stem, and secured to it by two or three 
keys acting on a gib. It is very necessary to see that these key ways are 
so placed that the keys may press on the gib, and not bind in the key ways, 
merely tending to split the boss of the tappet. 

The head is bored to fit the stem, and provided with a drift hole for 
removing the stem. When once well set, the stem can seldom be 
detached in this way, and either heat or dynamite is used. The lower 
part of the head is furnished with a recess which should correspond 
in taper with the shank of the shoe. If these do not correspond, wedge 
shaped, instead of parallel, packing strips must be used to secure the 
shoe. When the shoe is thin, the lower part of the head is worn away 
by friction of the pulp in the mortar, and is finally split by the tapered 
shank of the shoe. 

Where the cost of transport is considerable, steel shoes and dies are 
preferred to those made from cast iron. The wear falls chiefly on the 
shoes and dies, more on the former than on the latter, as the shoe strikes 
with a clean face, while the die is protected by the pulp. 

Speed. — The number of drops a minute depends on the length of 
drop, and partly on the proportions of the cam. If driven too fast the 
stamp will be "cammed," or caught again by the second arm before its 
fall from the first is completed — a danger that is increased by using cams 
with arms longer than the fall requires. 

A rapid drop assists discharge, by keeping the pulp in constant 
agitation within the mortar, and most mills are now driven from 85 to 95 
drops a minute. At the higher rate the lift is limited to 7 in., and is 
further diminished if the speed is increased ; it follows that the efiect of 
each blow would be less, unless weight is added to the stamp. As 
instances of extremes of practice, mills are running at forty i5in. drops a 
minute, while others make from 100 to 105 drops a minute daily. 

Order of Drop. — Opinions differ on this point, and there is certainly 
no specific order that is best v ditions. 
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In arranging the stamps to fall in some particular rotation, the object 
is to secure an even distribution of pulp within the mortar and an even 
discharge from it ; and the results obtained by any particular succession 
may be modified by altering the position at which ore and water are fed. 
As a general rule the ore is delivered by the self-feeder to the centre of the 
mortar, and the task of distribution is thrown primarily on the middle 
stamp. If the stamps on each side of it are on their dies when the centre 
one falls, the splash of pulp will be obstructed in each direction ; neither 
of these, therefore, should be the last to fall. 

The order, 5, 3, i, 4, 2, fulfils these conditions and is extensively used, 
as also are i, 5, 2, 4, 3, and i, 4, 2, 5, 3. 

If the order in use does not afford an even distribution, it may be 
improved by feeding the ore or water at a different point, or by giving 
increased drop to the stamps that get more than their share of pulp. Thus 
in the order 3, 4, 5, 2, i, the three heads on the left fall consecutively from 
left to right, and tend to block up the remaining two ; this might be 
rectified by feeding towards the left of the mortar, or by increasing the 
drop of I and 2. 

It is evident, then, that a sequence that has afforded good distribution 
when the battery was hand fed may no longer give satisfaction if self- 
feeders are introduced. In hand feeding the stamps can be humoured, in 
machine work they are supplied only at one point and left to carry out 
their own distribution. 

The Duty. — No millman will agree with the oft-printed statement that 
the duty or output of the battery depends on the area of discharge ; no 
matter how large the screen surface, it is impossible that every particle of 
pulp in a body some 5 ft. by 15 in. shall be free to escape directly it is 
fine enough to pass through the perforations in the screen. 

Enlarging the screen area does not substantially increase the rate of 
discharge, and, experimentally at all events, a mortar with the usual screen 
surface has been found capable of discharging twice the quantity crushed 
by any gravitation stamp battery. 

When the gold extraction is a separate operation from the crushing, 
the output of the battery is limited only by its capacity for crushing, but 
when the operations are combined in one process, the duty of the batter)' 
may be limited by the capacity of the amalgamating tables. The term 
" duty " refers more particularly to the number of tons crushed per stamp 
in twenty four hours, and is affected by several factors, which are here 
given, as nearly as possible, in the order of their importance : — 

I. The character of the ore, clayey tenacious ores being the most 
difficult to treat, friable ores the easiest ; a hard ore being more rapidly 
crushed than one which is tough or ductile. 
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2. The size and number of the screen perforations. 

3. The number of drops per minute \ 

4. The weight of the stamp > = horse-power employed. 

5. The height of the drop j 

6. The height of the discharge above the dies, and the distance 
between the screen and the stamp. 

7. The quantity of water used per ton of ore. 

The output is not increased by reducing the ore to any smaller size 
than that afforded by a good stone breaker ; even when fed with sand and 
gravel the duty is not increased. The reason seems to be that the blow 
does not take effect on the projecting angles of a comparatively few pieces 
of stone, but is cushioned by being received by an even layer of pulp 
spread over the whole face of the die. 

Since the number of drops has not been increased and the screens are 
the same gauge, it is mainly the additional falling weight that has raised 
the duty of the modern stamp to from five to seven tons per twenty-four 
hours, as against two tons crushed by the 850-lb. stamp. 

Before describing briefly the erection of a stamp mill, it is well to 
emphasise the fact that the soul of the mill lies in its foundations, and that 
its life and total output depend on the care bestowed on this important 
and hidden part of the work. Repair is impracticable, total re-erection 
the only remedy for faulty workmanship or bad material. 

Hrection. — As the site will probably be on sloping ground, the first 
step will be to grade to the levels of the various floors, working from the 
height at which the ore is to be delivered as a datum. 

The battery floor will be graded to the level of the bottom of the mud 
cills, and will be subsequently raised a foot or more by filling around these 
timbers ; the concentrator floor will be brought to the right distance 
beneath the battery level, and the vat floors also graded to their proper 
height. While this work is in hand it is often advisable to take out enough 
ground for an additional battery. 

The centre line of the mortar blocks, as shown on the general plan, 
will be laid off on the battery floor and permanently marked by posts set 
at least 6 ft. distant from the ends of the foundation pit. 

These posts should stand above the ground at least as high as the tops 
of the mortar blocks ; when the nails on their tops are not in use they 
should be covered with a piece of plank, as the line joining them will be 
the datum from which all horizontal angles and measurements are made, 
both for the mill and the motive power. 

From this line the foundatic n pit c off and excavated as 
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a trench extending the whole length of the mill, the width of the trench 
being sufficient to allow working room on each side of the mortar blocks ; 
about 2 ft. on each side will do. The excavation must be carried down 
until the bottom is on rock, or in hard pick ground ; when the piles are 
supplied with the mill the pit may require extra depth in order to bring 
the tops of the piles to the correct level. The bottom of the trench is 
then carefully levelled. As a rule concrete is not used, and if the 
pit has been carried to a greater depth than the piles allow for, this 
material may be employed to make up the difference ; if used, the layer 
should not in any case be less than a foot thick. When the bottom of 
the trench has been worked as nearly level as possible, a thin layer 
of sand fills up little inequalities and affords a fair surface to receive 
the piles. 

These piles are now lowered into the pit and bolted together, the 
blocks for the different mortars are spaced the right distance apart and 
lined up with the datum line, the height of the posts enabling this line to 
pass over the tops of all the blocks. 

When correctly placed, the mortar blocks are seldom bedded around 
with concrete, but the material dug from the trench is filled in again, in 
layers about 6 in. thick, each layer being damped and well rammed. If 
this is thoroughly done there will be no settlement either in the blocks or 
in the ground around them. 

If the tops of the mortar blocks are not all of the same height, they 
should be worked down until all are even, the finished surface of each 
block showing just perceptibly hollow when a straight-edge is laid across 
it from front to rear. 

The batteries would work just as well if the mortars stood at different 
levels, but the cost of making them uniform in height is trifling, the laying 
out of other work is assisted, and the general effect improved. 

The framework is taken in hand next, and the mud cills placed in 
position, two in front of, and two behind the mortar blocks ; they are roughly 
levelled, squared with the datum line, correctly spaced, and adjusted fore 
and aft until the bolt holes are the right distance from the centre. In a 
mill which ran regularly at 103 to 105 drops a minute, these cills were 
replaced by concrete foundations 6 ft. deep. The frame, if of the ordinary 
A shape, may now be put together, the post, sole-piece, and strut being 
well tightened, and the complete frames raised into vertical position be- 
tween the blocks. When the framing is connected with the ore bins, as 
in Fig. 73, the main posts of the batteries and the framing for the bins 
are erected together, and braced as the work proceeds, the front posts of 
the bin frames being generally footed on the battery sole-pieces. In very 
sloping sites the retaining wall is sometimes brought forward to support 
the fronts of the bins, but such an arrangement leaves a cramped feeding- 
floor. The three posts for each battery may be braced together by the 
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top guide bearers, but no bracing should be tightened up until the final 
adjustments for level and position have been made. 

The cam shaft bearings are now bolted up and levelled by adjusting 
the height of the mud cills. As the battery posts now prevent the datum 
line from being stretched over the mortar blocks, a parallel line must be 
set off, from which the cam shaft bearings are located. A preferable plan 
is to trace the original line across the top of each mortar block before 
erecting the battery posts ; it is then easy to plumb to this line from a 
staff placed against the sides of the cam shaft bearings. These two centre 
lines, that of the cam shaft and mortar block, will be parallel, but will not 
coincide, since they are distant from each other the semi-diameter of the 
generating circle from which the face of the cam was struck out. 

The bearings for the line shaft are now bolted to the sole pieces, the 
mud cills well packed underneath with broken stone, and the floor around 
them filled in and rammed solid. 

The mortars are lifted on to their blocks by tackle suspended from the 
upper guide bearers ; they are adjusted until their centres are parallel with 
and the right distance from the centre of the cam shaft, when the holes 
for the bolts securing them to the blocks may be marked and bored. A 
template of the bottom of the first mortar may be tried on the others, and 
if all the bolt holes are similarly spaced, the remaining blocks may be 
marked off from the template. 

Particular care must be taken that the mortar does not bear hardest 
on the centre of the block ; if so, the block retjuires easing in the centre, 
otherwise the mortar will rock with the fall of the stamps, and no amount 
of screwing down will prevent its doing so. A sheet of rubber or tarred 
felting is interposed between the mortar and the block to afford an even 
bearing surface, and prevent water from leaking down among the piles 
or into the end grain of the timber. 

All the principal parts of the battery proper are now in position ; the 
remainder of the work is a mere assembling of details. 

The cam shafts may be hoisted into their bearings, and when the holes 
for the stems are correctly spaced in the guides, the cams may be keyed up 
before the shaft is lifted ; if, however, the guides have been made at the 
mine, it will be safer to set the cams after the stems are in position. 
Before placing the tappets on the stems, it is well to drive the keys fully 
in, and see if the gib projects a sixteenth of an inch into the bore of the 
tappet ; each tappet should be an easy sliding fit on the stem, and the 
ends of the keys should not project unequally when tightened up. Both 
heads and shoes must be put on before the tappets can be finally set ; 
should there be difficulty in keeping any particular head on its stem, a 
sheet of emery cloth wrapped around the tapered part of the latter will 
generally eflfect a cure. 

^ h the tables, with a rising 
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pipe to each pair of batteries, this pipe being fitted with a tee piece 
connecting the hose for washing the tables. The horizontal branches 
from the upper end of ihe rising pipe are stayed to the battery posts and 
fitted with a valve at each end of the mortar and also in the centre. All 
service pipes must be well put together ; if screwed, the threads must be a 
good fit, and well screwed home, the vibration of the battery being trying 
to all pipe joints. 

The amalgamating tables are generally made the full width of the 
mortar, the object being to maintain an even flow and avoid side eddies. 
The inclination per foot varies with the character of the ore, gauge of 
screen, and quantity of water used ; 1 1 and i J in. are the average falls 
allowed, the extremes being i and 2 in. The simplest way of making 
a table thoroughly tight at the sides is to bend each side of the copper 
plate upwards for three-quarters of an inch, and secure the upturned edge 
to the frame of the table with a few screws. The silver plates supplied 
with the mill are presumably covered with i oz. of silver to the square 
foot, but it is generally admitted that an amalgamated surface is softer 
and more easily kept in order than a plated one. 

The copper plate, which must be well annealed, is bedded down 
perfectly flat on the table, and all bumps and hollows removed. It is 
then washed with a strong soda solution, flooded with water, and rubbed 
bright with a nitric acid solution, i oz. to i pint ; after being well flooded 
with water, it is cleaned with a cyanide solution, 1 oz. to i quart, and 
quicksilver rubbed into the brightened surface. To prevent oxidation, 
the surface is either kept under water, or covered with a solution of cream 
of tartar, made up like whitewash ; the surface will also be tarnished 
by contact with any surface containing sulphur, such as vulcanised 
rubber. 

The Water Supply cannot be given as so many gallons per head 
or per hour, since it depends on the character of the ore, the gauge of the 
screen, and the inclination of the tables. It may be safely put at between 
1,500 and 2,000 gals, per ton treated; of this quantity from 70 to 75 per 
cent, may be returned and used again. In this way a supply of 60 gals, 
a minute may serve for a mill of forty or fifty stamps, and in West 
Australia ore has been treated at a loss of only 300 gals, of water per ton. 
Dirty, slimy water should not be used ; salt water is not prejudicial, except 
in amalgamating brightened iron surfaces. A supply that has been warmed, 
in surface condensers or otherwise, keeps the mercury lively and tables 
soft ; hot water makes the mercury too lively, and it runs down the table, 
leaving the surface hard ; very cold water also keeps the plates hard. 

The quantity admitted to each mortar is governed by the requirements 
of the table, the amount used being the smallest that will keep the table 
clear of deposit. 
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with a coarser pitch, but there is no doubt the Challenge is the most 
popular type. 

Rock Breakers. — When the ore supply for the mill is hand broken 
it is generally coarse and irregular in size, requiring a high stamp drop and 
necessitating a slow speed. Rock breakers increase the output of the mill by 
providing a properly graded feed, thereby permitting a short drop and high 
speed. They also reduce the wear of stamp shoes per ton of ore crushed. 
In one case when accounts were carefully kept, this wear amounted to 1.4 
pence per ton of hand-broken ore, and was reduced to .85 of a penny when 
breakers were installed. 

Whether placed in the mill or, as is more usual when the ore is sorted, 
in the headgear, the breakers stand either at the foot of the grizzly or below 
the coarse ore bins. In the latter case they draw their supply direct from 
the bins. 

The swinging jaw receives its motion from an eccentric shaft through 
a connecting rod and toggles ; by these means the fixed and swinging 
jaws are forced together, while the backward stroke is made by spring 
pressure. The rapid reciprocating motion requires a solid foundation to 
absorb the vibration. This is afforded by mounting the machine on 
concrete piers, by bolting it to some heavy structure, or to timber horses 
well bedded in concrete. 

The size of the product is adjusted by tightening the wedge at the back 
of the rear toggle ; the same wedge also compensates wear in the jaws. 
When the wedge has been drawn up to its full extent longer toggles are 
inserted. 

As these machines are generally designed for making road metal, they 
are furnished with jaws intended to cube, not crush, the rock. In battery 
work the object is to crush, and the corrugated or grooved jaws may be 
dispensed with, and better results obtained with plain, fiat slabs of steel. 
Jaws of this shape may not only be turned end for end, but in case of 
emergency may be reversed, provided the worn face is well bedded to the 
jaw with white metal. The wear being heaviest at the lower part of each 
jaw, in most modern machines the jaw faces are made in sections, which 
are not only reversible, but those on the fixed jaw are interchangeable with 
the swinging jaw face. This is a great improvement, as it is no longer 
necessary to keep two sizes and patterns of jaw faces in stock. The 
average life of a cast-iron jaw is seven months, it costs in wear a penny for 
each 2 J tons of rock. Steel jaw faces last a year, costing a penny in wear 
for each 13 tons crushed. The steel alloys, manganese, and nickel steel 
last longer still, and though their prime cost is higher, they are in the end 
cheapest for districts where transport is costly. 

The size of a stone breaker is the area of its mouth at the top, measured 
horizontally, and is the size of the largest stone it can take. 15 in. by 
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Pans and Settlers. — The duty of the pan is to grind to a still finer 
state of division the pulp that has already been crushed in stamp or roll 
mills ; a large number of pans, however, are mere washing machines, 
catching particles of quicksilver and amalgam that have escaped the tables : 
this is proved by the inordinate life of the dies and mullers. When re- 
quired to grind and separate the fine particles of gold still adhering to the 
gangue, the distance between the dies and mullers needs frequent adjust- 
ment. This is practically impossible when effected by slight motion given 
to a hand-wheel already revolving sixty or seventy times a minute with the 
centre stem, but is easily made by the side lever arrangement shown in 

Fig- 75- 

The average pan is 5 ft. in diameter, makes from sixty-five to seventy- 
five revolutions a minute, requires about 100 gallons of water an hour, is 
charged with 10 to 15 cwt. of sand, and treats from 4 to 5 tons per twenty- 
four hours. Owing to centrifugal action the pulp is carried outwards, to the 
circumference of the pan, and is here caught by four incurved wings, which 
direct a constant stream of pulp back to the centre. From the centre it 
flows outwards through the openings between the dies and mullers, [)art of 
the .stream being caught and ground by the revolving muUer. 

The circulation of the pulp, therefore, depends on the curvature given 
to the feed wings and to the openings between the dies and mullers 
being tangential to a circle var>'ing with the diameter of the pan ; the 
working conditions affecting the circulation are the speed, amount of the 
charge, and the consistency of the mixture. The pan, therefore, can only 
turn in one way — a fact so evident as not to be worth mentioning, had 
not the author once seen a row of eight gravely revolving in the wrong 
direction ; nor did this happen at the mine, where they treated several 
hundred tons of ore, before discovering that the battery tables had not been 
amalgamated. 

The pan is raised on timber framing, which rests on cills well bedded 
in concrete, as there is considerable vibration when working ; to facilitate 
charging, the top of the pan should not be much above the floor from 
which it is fed. 

In Fig. 75 a coarse adjustment is provided by the flat thread screw on 
the stem ; the key is not driven, as it serves merely as a stop to prevent 
the screw from revolving without driving the muller frame. The bevel 
wheel on the stem is a tapered fit and held by a cross cotter, the usual 
vertical key being difllicult to tighten in so cramped a situation. 

The dies and mullers have projections cast on them, which fit into dove- 
tailed taper recesses and are secured by pieces of hard wood filling the re- 
mainder of the recesses ; they last from two to three months. Each pan 
requires from 5 to 6 H. P., and the cost of treatment is from tenpence to a 
shilling per ton. 

The settlers, now seldom used, are placed at a low level, to receive the 
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discharge from the pans; they require 120 gallons of water an hour on the 
average, and are speeded at twelve to fifteen revolutions. 

Grinding^. — Although the stamp is an excellent machine for crushing 
ore to such a size as will lilxrrate most of the gold, it is not always the 
most suitable means for reducing the ganguc to a very finely divided state ; 
as, when the die is covered with a layer of fine pulp, the blow of the 
descending stamp is cushioned and its effect destroyed. 

Kven if the layer be a thin one, as the whole surface of the shoe and 
die are never in accurate contact, the blow takes effect on a few points on 
which the pulp is crushed to an impalpable powder, or slimed ; while such 
parts of the crushing surfaces as fail to make contact by a thirty-second of 
an inch will be almost useless. To do good duty under these conditions 
the stamjis must work practically metal to metal, and the resulting jar is 
destructive to the whole battery. 

Evidently the blow of a falling weight is not the best means for sub- 
dividing an already fine material, and a substitute is found in the grinding 
action of pans, ball and tube mills. Rolls are not satisfactory for very fine 
grinding, being too slow, on account of the numlx:r of times the gangue 
has to pass through them before the whole is reduced to the size required- 
Dry crushing is essential in dealing with ores in which part of the value 
is soluble, and grinding mills are adapted to this process to a greater extent 
than the stamj), the latter being handicaj)ped when worked without water. 

The Ball Mill consists of a drum, protected on the inside by lining 
plates, covered by a housing, and mounted on a revolving axle driven by 
belt and spur gearing. 'I'he grinding plates are bolted around the inner 
circumference of the drum, each plate is curved inwards, the whole series 
forming a succession of steps, and through the openings left between them 
the ore has access to the screens. The fine screens are protected by coarser 
ones, the whole being arranged so as to entirely surround the crushing 
surfaces. The material to be ground, and water, if used, are introduced 
automatically through a side hopper, while the finished product is delivered 
to a bin below the mill. 

A medium size mill will contain half a ton of steel balls ; these grind the 
material by rubbing contact with each other and with the lining plates, also 
by constantly dropj)ing from one lining plate to the next. Old shoes and 
dies and scrap steel are not efficient substitutes for the round revolving 
ball. While the drum revolves, the material within is in constant motion, 
passing frecpiently over the screen surface and being free to leave directly 
it is crushed to sufficient fineness ; the result is a uniform product with a 
minimum of sliming. The whole process is automatic, requiring little 
attention j while the wearing parts are all simple castings, easily renewed 
len worn. 




Ttk^Pkn of Grinding Fan, Mutter Frame removed in tuwer hair. 
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Rolls arc ^^iK-i.-illy used in the rcfliirtion of coinplc.K ores from which 
tlie mineral is sulisrqiirnlly <;xtr;ul«(I hy frmcrntration. They often form 
an intern ie( hale step IxIwiimi the khV breiik<:r and some grinding machine, 
foch as a hall mill. When llw rrnshing is done entirely by rolls, two, if 
BOCthrer, sets an; rr<|uired. In the course of its passage through the mill 
A^oreK'>es from the rock hreakt^r to the coarse rolls and screens, then to 
^fine rolls and s( ncns, all that is not yet reduced to the recjuired fme- 
biJing retiirnrd t(i the linr rolls or j)assc(l on to another set for further 
iMit. If thi- iis(! of clevalors is to Ix; avoided the mill must provide 
Idcnt fall for at least two s(?ts of rolls and their screens, in addition to 
Ul needed hy the concentrators ; this means a clear fall of about 45 ft. 
L! delivery level. 
.Mlipioycd at any mill are preferably all of the same size and 
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pattern, so that worn shells from the fine rolls may be transferred to the 
coarse ones. 

The roll shafts revolve in opposite directions, one being driven by a 
crossed, and the other by an open belt. On each shaft is keyed a body 
piece, to which the shells are secured. The simplest way of attaching 
them is by two or more keys driven between the shell and the body ; but 
this means that the shell must be soft enough to be. machined, and a 
further objection is that the keys are liable to split the shells when 
worn thin. 

The alternative is to make the body in two pieces, one fixed to, and 
the other sliding on, the shaft, both being turned taper, while the shell is 
ground to similar taper inside. After the shell is placed between the body 
pieces, the loose or sliding half is drawn towards the fixed half by through 
bolts ; the double cones not only hold the shell firmly but also centre it. 

The bearings of one roll are fixed, while those of the other slide on the 
frame of the machine ; strong springs press on the free roll, forcing it 
towards the fixed one. The roll shells do not work in contact with each 
other, but are set apart according to gauge of product required, both the 
distance and the pressure being regulated by nuts on the spring spindles. 
Owing to this arrangement the spring pressure is only on the ore crushed, 
and does not cause unnecessary friction in the shaft bearings. 

In the Krom roll pattern the free roll and its shaft are mounted on two 
rockers working on a fixed shaft. The two roll shafts are thus kept 
parallel with each other, and unequal spring pressure is less likely to cause 
uneven wear on the shells. The life of the shells depends on the hardness 
of the material treated and the size to which it is reduced. An average 
life would be ten thousand tons on the fine rolls, and an equal output 
when removed to the coarse rolls. 

The plain shell wears better than a corrugated or grooved one, and is 
able to seize any pieces of ore delivered from an ordinary stone breaker. 
The wear is in a great measure under control, and the shell surfaces can be 
kept even by directing the feed on to the highest parts. When once worn 
to a really bad surface, the coarse rolls throw too much work on the fine, 
and the fine require several more passages of the ore than should be 
necessary ; in this way the capacity of the whole mill is reduced until the 
shells are changed. 

The process may be either a wet or a dry one, frequently the coarse 
rolls work dry, water being added to the ore before the fine crushing ; the 
wear of the shells is rather more even when water is used. 

Rolls vary in diameter and length from 20 in. by 10 in. to 36 in. by 
15 in., they make from 60 to 100 revolutions a minute, and require from 
8 to 20 H.P. The strains are severe but contained within the machine 
itself; to absorb vibration the frame is usually secured to timbers built into 
the structure of the mill. 
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Fig. 77 illustrates the arrangement of parts in a Krom pattern roll, c c 
being the shafts, b b the body pieces or centres, a a the shells. The shaft 
on the right works in fixed bearings, while that on the left is carried on 
rockers pivoted on the shaft shown jiassing through the frame. The pair 
of rolls is surrounded by a housing, the ore lieing delivered into the feed 
shoot on top of the housing by some form of self-feeder. The position of 
the bearers on which the machine rests should be at right angles to that 
shown in the illustration. 

With the exception of the shells, the only parts subject to heavy wear 




are the bearings in which the shafts work ; they are generally lined with 
white metal and need renewal about every six months. 

The old metal lining is first removed, the bearing thoroughly heated, 
and centred around the shaft, any space at the ends being luted up with 
ciay ; the metal should be poured directly it is melted, relying on the heat 
of the bearing to prevent a chill and a bad pouring. A light trimming with 
a file, and the hole bored and grooves cut ' *ion, and the bearing 

may be replaced for immediate use. 
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The two essentials in relining a bearing are — (i) a well-heated casing ; 
(2) the white metal heated to a temperature no higher than is necessary fo* 
fusion. Care must be taken that end play does not develop in the shaft 
bearings, otherwise the shells may no longer face each other accurately, and 
a ridge of gradually increasing thickness will remain on alternate edges of 
the rolls. 
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CHAPTER XII. 

CONCENTRATING AND GOLD-EXTRACTING PLANT 

Concentrators — Percussion Tables — ^Jigs — VVillley and Buss Tables — Cyanide Plant — 
Capacity, Size, and Shape of Vats — Arrangement and Construction — Foundations — 
Equipment. 

The machines described in the last chapter are used for reducing the ore 
and liberating the mineral from the ganguc ; concentrating machines deal 
with the pulverised ore, and separate the mineral from the gangue by taking 
advantage of the difference in the specific gravity of the two substances. 
Concentration would be impossible if this difference did not exist. 

In no case is the operation perfectly performed, the product may contain 
all the mineral, but gangue will be included ; or the mineral may be clean 
and a percentage of it lost, the amount varying with the efficiency of the 
machine. In every case the process is assisted by sizing beforehand, and 
the closer the sizing the cleaner the concentrates will generally be. 

Most machines present, in some form or other, an inclined surface, the 
material to be treated being delivered near the upper end, and washed 
downwards by the flow of water. The heavier mineral tends to lag behind 
and is assisted in doing so by a shaking motion imjmrted to the inclined 
surface, which causes it to " bed." In the simplest machines the finished 
product is not delivered, but has to be removed at intervals ; in more 
complex machines it is not only delivered but graded into different 
qualities. 

It is owing to this percussive or shaking action, combined with the 
usually sloppy state of the concentrator floor, that the machines require 
substantial foundations ; if settlement occurs, or want of rigidity allows 
other motions to develop, the working of the machine is at once affected. 
The mud cills supporting the frame should rest on a flooring of concrete, 
the spaces between them be filled with concrete, and the surface either 
decked with planking, or cemented. 

The Percussion Table is, next to the huddle, one of the simplest 
forms of concentrating machine ; the pulp is received on a suspended bed, 
with two or more shallAv- ' it« m This bed, or 
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table, is about 1 2 ft. long by 6 ft. wide, and receives a slight motion in the 
direction of its length from a cam with three arms ; on leaving the toe of 
the cam the bed is pushed back by a spring, the return stroke ending 
abruptly against a buffer. 

The shake thus imparted to the pulp beds the mineral in the depres- 
sions in the bed, while the gangue is carried away by the overflow of water ; 
in this case there is no delivery of the finished product, and the depressions 
must be cleaned out at intervals as they become filled. The inclination of 
the table can be adjusted by the suspension bolts, the force of the blow by 
the spring, and the length of stroke by altering the bumper head. The 
construction is so simple that a trial machine can be built on any mine 
possessing the usual equipment of tools, and a small table, about 6 ft. by 
4 ft., is often useful in determining to what extent the ore is amenable to 
concentration. 

The Jig is another simple form, and consists of a hutch filled with 
water, the screens containing the ore being either plunged up and down in 
the water, or the water made to pulsate through them by the movement of 
a piston. The jigs in each row work in series, the overflow from the first 
being treated again in the second ; and in each row the speed, length of 
stroke, and mesh of screen are suited to the size of ore fed. 

Thus if there are three coarse jigs, dealing with ore about the size of 
small peas and rice grains, they will be speeded to 150 revs, a minute, the 
stroke of the first will be 1 in., of the second ;, and of the third J of an inch ; 
the screens will be 10 to 12 mesh. 

The second jigs will run 200 revs, per minute, with strokes off in., ^ in., 
and ^ in., the screens being 12 and 14 mesh. The third row, with screens 
of 14 and 16 mesh, will run 250 revs., and have strokes varying from ^^ 
to Y*r in. 

Slime jigs are run at 300 strokes of J to y^ of an inch, and have screens 
of 20 and 24 mesh — though slimes are generally treated on some form of 
table, the jig being essentially a machine for handling a coarsely broken 
material. 

Motion is derived from an overhead .shaft with adjustable eccentrics 
connected to the pistons or sieves ; repair consists almost entirely in renewal 
of worn screens, though it is worth noting that the sides of iron hutches 
are often insufficiently stayed and they spring with the strokes of the 
machine. This not only leads to leakage at the joints, but detracts from 
the effect of the pulsation. 

As a rule two or more jigs are combined and form .separate compart- 
ments in the same hutch ; the clean mineral is withdrawn from the bottom 
of the compartment, that which is too coarse to pass through the screen 
being removed when the bed gets too heavy. 

Each complete machine requires on an average i H.P., and uses 
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25 gals, of water a minute, treating about 20 tons of ore p>er twenty-four 
hours. 

The Centrifugal Concentrator imitates the movements given to a 
batca, the round pan is mounted on a hollow vertical axis, and rotated by 
bevel gear, the rotation lx*ing changed into a series of irregular impulses 
by a small crank. The pan itself is about 5 ft. in diameter, the highest 
point in the bottom being midway between the centre and the circum- 
ference ; from this point the bottom slopes towards the waste pipe in the 
centre, and to the ore bed towards the rim. Adjustable gates in the 
bottom of the pan near the circumference allow the finished product to 
pass into a circular receiving launder. 

As generally arranged, three machines treat the pulp from ten heads of 
stamps, two of them taking the tailings direct from the amalgamating tables 
and delivering the half-finished product to the third. Concentration is 
rapidly effected, and the product a clean one ; but the wear and upkeep of 
the machine is heavy, owing to the constantly checked momentum of the 
pan and its contents. 

In the Fnie Vanner, illustrated in Fig. 78, the table consists of an 
inclined endless belt passing over rollers at each end of the machine ; the 
working surface of the belt is 4 ft. wide by 1 2 ft. long, it may be plain or 
corrugated, and the edges are flanged upwards. The belt slopes at an 
incline of J to i in. in the foot ; it travels from 4 to 12 ft. a minute towards 
its upper end, and receives a rapid shake in a direction at right angles to 
its length. The pulp is fed from a distribution box about 3 ft. from the 
higher part of the machine, and is played on by jets of water as it is carried 
upwards by the travel of the belt. The mineral, assisted by the shaking 
action, clings to the belt, is carried over the higher end and deposited in a 
trough beneath the vanner, the gangue being carried away to the lower 
end of the belt by the flow of water. 

Vanners always stand at right angles to the shafting driving them, and 
are therefore worked by quarter-twist belts (see Chapter XIII.) ; they 
require a uniform speed of from 200 to 210 revs, per minute, and treat 
from 5 to 10 tons in twenty-four hours, according to the class of ore. 
Although of limited capacity, they give excellent results in the hands of 
those accustomed to use them, but their successful working depends on 
more or less delicate adjustment, and in charge of inexperienced persons 
they are capable of tricks beyond the ordinary power of inert matter. 

The Wilfley Concentrator, although a modern invention, may be 
found in almost every gold-mining district, one copper-mine having no less 
than five hundred of them at work ; it has a greater capacity than the 
vanner and does not require the same skilled attendance. 
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The flat oscillating table on which the ore is treated is made of timber 
and covered with linoleum, part of the surface is corrugated with ribs of 
gradually decreasing length. The amount of motion may be adjusted, but 
three-quarters of an inch is the average for all round work. A raff wheel 
forms part of the machine and returns the middlings ; it also acts as a 
sort of governor, preventing waste when the quantity delivered to the 
machine is more than it can deal with. When the feed is not in excess, 
the delivery from the raff wheel consists of jmlp in which the mineral 
is imperfectly separated from the gangue. 

The whole machine is self-contained and easily erected, being carried 
on a longitudinal girder resting on three feet, which are bolted either to 
concrete piers or to the floor of the concentrator house. Each table 
requires about 200 gals, of water an hour, and is driven by a 4-in. belt, 
the driving pulley making 240 revs, per minute ; the quantity treated daily 
varies from 12 to 40 tons. The Wilfley is being successfully used on 
slimes, the concentrates produced being about 7 per cent, of the quantity 
treated, and containing 70 per cent, of the assay value of the tonnage. As 
in other vanners, the pulp is delivered at the higher end, and washed 
towards the lower side by a thin film of water, the rate of flow being 
regulated by the adjustable inclination of the table. It should be noted 
that the flow of water is at right angles to the travel of the pulp, the bulk 
of the water, therefore, flows off with the gangue, leaving the concentrates 
relatively dry. On reaching the delivery side the pulp is separated into 
concentrates, middlings, and tailings. Each table is lyi ft. long by 6 ft. 
wide, requires i H.P., and weighs 32 cwt. when packed. 

The Ferraris Table, made by Krupp, resembles the Wilfley in 
many respects ; it has a wooden table covered with linoleum supported on 
hinges or springs, and subjected to a rapid and variable end shake by two 
eccentrics. The table proper is supported by an iron frame, has longi- 
tudinal corrugations, as in the W^ilfley, and the inclination can be varied to 
suit different ores. 

The pulp is delivered near one end on the higher side, water in 
adjustable jets being supplied at the same side ; the gangue is washed to 
the opposite side, and the concentrates delivered at the opposite end. 
Two patterns are made, one for coarse, and the other for slime treatment. 
Each table is 1 1 J ft. by 5 ft., requires about half a horse-power, and from 
4 to 9 gals, of water a minute, runs at 340 vibrations, and treats about 
half a ton an hour. 

The Buss Table is similar to the last machines described, the pulp 
being treated on an inclined flat table with corrugations ; the motion, 
however, is altogether different, as the table is free to rock on the vertical 
springs supporting it. 
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An examination and test of the tailings is necessary not only to 
determine the size of each vat, but the relation between its area and height, 
for the latter dimension depends on the resistance to percolation in the 
material to be treated. With clayey, slimy tailings a height of 5 ft. may 
be all that is expedient without unduly prolonging the process ; while with 
freely percolating material the vats may be made up to 14 and 15 ft in 
height. In built vats it is not advisable to exceed this amount, as the 
pressure near the bottom becomes severe, especially when vacuum percola- 
tion is used. Economy in first cost is certainly secured by building vats 
high in proportion to their diameter; it may be noted the pressure on 
the sides is proportional to the depth, and does not increase with the 
diameter. 

Shape of Vats. — They may be round or rectangular ; the latter shape 
economises space, as they can be more closely grouped together, and can 
generally be discharged with greater rapidity, since work may be carried 
on at more points. The circular shape gives greater capacity for a given 
weight of constructional material, such vats are easily cleaned, and when 
made of wood can be tightened in case of leakage. 

General Arrangement. — The disposition of the vats must be such 
as to give the greatest facility for filling and discharging ; they are therefore 
placed in one or more rows, so as to be commanded by straight tracks 
and tram lines. When arranged in double rows, a track for a travelling 
steam crane may be laid between them ; this method of discharging, with 
a grab bucket filling a truck at a time, is found economical even where 
labour is cheap and abundant. The top discharge also saves the 6 or 7 ft. 
required beneath the vats when they are emptied from the bottom. 

Construction. — Vats may be constructed of brickwork, concrete, iron, 
or wood ; in its simplest form the vat is excavated from the ground and 
lined with either brick or concrete. 

The objection to the excavated vat is the difficulty of detecting 
leakage ; settlement may take place in spite of every care in selecting the 
ground and footing the foundations, and it is therefore safest to have the 
walls open to inspection from the outside. 

In masonry or brick vats, standing entirely above the ground, the 
thickness of the walls is decided by the height, since height, not diameter, 
is the factor determining the internal pressure. 

The whole of the area is first paved to the outside of the side walls ; 
these walls are footed on the paving, are 4 in. thick at the base for 
each foot in height, and are given an external batter of 3 in. in a foot 
commencing at one-third of their total height. 

The paving of the bottom generally slopes towards the point at which 

o 
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the solutions leave ; great care is necessary in joining the side walls to the 
bottom ; the interior is finished by a coating of cement plaster. 

Iron tanks are light and portable, and are often used for temporary 
work, and when other materials are not available. The sheets are either 
bolted or riveted together, and are coated on the inside, so that the 
solutions do not come into contact with the metal. Asphalt and paraffin 
wax are generally employed for this purpose ; each requires renewal from 
time to time in abraded places. 

Wooden vats are made either round or rectangular in shape, the 
former being more usual. Rectangular ones are made in the same way 
as cisterns for pitwork, the bolts being so disposed as to compress the 
joints and hold the structure together. 

In the rectangular pattern the planking used will be 2 in. thick for 
small vats, 2J in. for medium sizes, and 3 in. for any size vat likely to be 
made with ordinary commercial timber. The timber must be well seasoned 
and the joints carefully made, each plank being planed true on its edges 
and tried by rubbing on its fellow, until a true surface is obtained. The 
bottom is held together by fin. bolts, spaced about a foot apart, and 
running right through the different planks ; before being joined together 
the edges of the planks may be painted with white lead worked with oil to 
a creamy consistency, but this is not necessary if the edges are well planed. 
In small vats the bottom projects 6 in. beyond the sides, in larger ones 
the allowance is increased, and in making a vat 8 ft. by 1 2 ft. within, the 
bottom would be 14 ft. by 10 ft. 

The side walls enclose the ends, all being made in the same way as 
the bottom, with the exception of the vertical bolts, which in this case 
pass right through the bottom and secure it to the sides. This joint 
requires particular care, sometimes the four sides are bolted together, and 
dropped into a groove cut to receive them in the bottom ; or the groove 
may be dispensed with, and the lower edges of the side walls faced off* to 
fit the bottom. In either case the joint is tightened by the bolts passing 
through both sides and bottom. 

The sides and ends are stiffened by battens with their lower ends let 
into the projecting part of the bottom. They are spaced about 2 ft. 
apart, and alternate pairs are tied together by bolts crossing the top of 
the vat. 

When skilled labour is scarce, leakage may be avoided by making 
bruised joints, but these will not be successful unless the timber is 
thoroughly seasoned. In making this form of joint the centre of the 
•"^aned edge of the plank is pressed down into a groove, the width is 

laterial, but generally about | in. These grooves may be made by 

iing the planks between narrow rollers, or by striking a tool in the 

5e of a smith's narrow set. In soft woods the depth of the groove will 

"^out /y in., but less for the harder and less compressible woods. 
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The upstanding parts of the edge are now planed down level with the 
bottom of the groove, care being taken not to touch the depressed part. 
The joint must now be kept dry until the planks are bolted together, 
when moisture causes the compressed wood beneath the groove to swell 
and make a perfectly tight joint. 

In round vats the bottoms are formed of planks cut radially and planed 
true on each edge, but the points do not meet in the centre, as the 
planks are not fastened together in any way, only pressed into close contact 
by the constriction of the hoops. When the bottom is fitted together, the 
circumference is trued by a gauge pivoted at the centre of the tank, and 
when truly circular, the outer edge is worked to the same thickness 
throughout, as the side planks are generally joggled in about | in. 

The staves will be free from 2^ to 4 in. thick, according to the size 
of the vat, their edges are planed radially, and they are joggled to fit the 
bottom from 4 to 6 in. from their lower ends. The joint is tightened 
by two belts of round iron, with screwed ends passed through connecting 
sockets ; the sides of the vat being supported by similar belts, spaced 
12 to 15 in. apart, and formed of round iron from J to ij in. in diameter. 

In these vats the discharge door is usually fitted in the centre, and the 
filter supported by a wooden grid. 

Foundations. —The foundations must be designed to afford firm 
support to the vat and its weighty contents, access for inspection, and 
head room for discharging. Since, therefore, the whole area of the 
bottom cannot be supported, the weight must be distributed as evenly as 
possible. Trouble has often been caused by foundations formed of rows 
of posts, which swayed laterally owing to want of bracing, and settled 
unequally, as their bearing area was insufficient for the weight to be 
supported. 

Foundations suitable for both masonry and wooden vats are formed 
by walls of masonry or concrete, arranged in concentric rings, with an 
interval of 36 to 42 in. between the rings, the edge of the outer wall being 
well inside the bottom of the vat. The walls are surmounted by timber 
cap pieces, and a central alleyway is left through all the rings, in which 
rails are laid for the discharging trucks. 

When the foundations are of timber, it is framed into horses, with a 
vertical post every 3 ft. between the cap and foot pieces, the end bays 
in each horse being cross-braced to prevent swaying. Such frames are 
placed in parallel rows 3 ft. apart, and should rest either on concrete 
piers or bedded cills. 

In addition to tho.se vats in which the tailings are settled or leached, 
others will be required to hold the various solutions and washes ; each of 
these usually has a capacity equal to one-third of the main vats, but more 
room may be necessary if the treatment is prolonged. They may be 
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placed above or below the leaching vats, preferably above, as the solutions 
need not in that case be pumped from the sumps as they are required. 

The pumps used for elevating the solutions are generally small centri- 
fugals, installed in duplicate, each being fitted with multiple suction and 
delivery pipes, enabling it to draw from any sump and deliver to either of 
the vats. The motive power required is generally about 5 H.P., which 
suffices for the pumps, zinc lathe, and vacuum pump, though a dynamo for 
lighting the works is often added. 



[ 213 ] 



CHAPTER XIII. 

TRAA/SMISSION OF POWER. 

Various Me.ins — Shafiin*; — Couplings — Bearings — Pulleys — Selling oul Shafting — Belt- 
ing — Ko|x:s, cotton, wire — Compressed Air — Electricity — Examples. 

The iiiediiim to be employed in a power transmission scheme depends on 
the purpose for which the power is recjuired, the distance it is to be sent, 
and the (|uantity to be transmitted. Distribution and transmission are 
intimately associated, and as the same means are used in each case, they 
will be considered as forming part of the same subject ; for it would be 
hard to define where one ends and the other begins. Ordinary shafting, 
for instance, though generally considered as a distributer, does but con- 
vey the power from the motor to the machine ; yet there are limits to its 
use, as no one would seriously propose transmitting power for a quarter of 
a mile by this means. 

If the distance is a short one, there are shafting, belts, cotton ropes, 
and gear wheels, any of which are suitable, though the latter are only 
employed when the motion is to be changed in direction, or when the 
distance is too short for ropes or belts. 

For medium distances there are steel ropes and rods. Either will 
transmit a reciprocating motion, such as is used in pumping, while the 
wire rope will also convey a rotating motion from one shaft to another. 

For long distance transmission there are compressed air and electricity. 
No rule can be laid down as to the limits within which each means is 
applicable, and the particular medium chosen will depend largely on local 
conditions. In every instance, however, a badly designed and ill-con- 
structed arrangement is certain to absorb much of the power it should 
transmit. 

Steam is not included, being the least suitable of all means, and only 
to be used when there is no other alternative. In transmitting power by 
steam it should be understood that the quantity of condensed water drained 
from the pipes is no criterion of the loss involved. The loss is really the 
difference between the number of heat units placed in the pipe at one end 
and that available at the other. 
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Shafting. 

The use of shafting is generally limited to some particular house or 
building, and as arrangements often have to be worked out with the 
material available at the mine, it will be advisable to state the rules on the 
subject. The power which may be conveyed by a shaft varies directly 
with the number of revolutions a minute ; if the speed is doubled, the 
power capacity of the shaft is also doubled. 

It varies, too, according to the cube of the diameter of the shafting ; 
and if a shaft 2 in. in diameter transmits 8 H.P. at a given number of 
revolutions, a shaft 2 by 2 by 2 in., or 8 in. in diameter, will transmit 
8 by 8 by 8, or 512 H.P. 

When the horse-power and speed are known, the size of shaft required 
is found by multiplying the horsepower by 70, dividing by the revolutions 
per minute, and the cube root of the quotient will be the diameter of the 
shaft in inches. This provides for mild steel shafts; if wrought iron is to 
be used, multiply by 80 instead of 70. 

To find the horse-power that may safely be transmitted by a mild steel 
shaft, multiply the cube of the diameter in inches by the revolutions per 
minute, and divide by 70. 

In theory it would seem correct that a line of shafting from which 
power is distributed at intervals should decrease in size the further it 
extends from the source of power. This is often the case in mill driving : 
the shaft may be 6 in. in diameter at the engine, and only 3 in. at the 
further end of the mill. 

For general work, however, any small saving in weight or prime cost 
is more than offset by the additional sizes of pulleys, couplings, and 
bearings required. In all outlying districts every unnecessary size intro- 
duced is a step in the wrong direction, and there seems no reason why one 
diameter of shafting, say 2^ in., should not serve for machine shops, con- 
centrating house, cyanide plant, and all purposes of minor distribution. 
Such an arrangement would ensure interchangeability of parts throughout 
the works as far as shafting is concerned, and those who have faced the 
predicament know what it is to find the only pulley of the right diameter 
to be 2 in. too small in the bore. 

Shafting is made in lengths, and a line of shafting consists of two or 
more of these lengths joined together, the joints being made by means of 
couplings. English practice still adheres to the flanged coupling, although 
it is difficult to fix, more difficult to remove, requires a more accurate fit 
than ordinary gauge limit work supplies, and is therefore never true unless 
faced after it is keyed on. 

When a line of shafting ** wobbles," the cause can generally be traced 
to these couplings. Each length of the shaft may be true enough, but the 
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whole cannot revolve truly unless the face of each half coupling is at right 
angles to the axis of the shaft. 

All this is avoided in the box coupling, which is easily put on and 
taken off ; not only does it centre the ends of the shafts, but will connect 
them when they differ in diameter. 

The box coupling consists of an outer casing bored taper at each end, 
and conical split wedges, which, drawn together within these tapered 
recesses by bolts, hold the shafts securely. The first cost is a little higher 
than that of the flanged coupling, but this may be regarded as an insurance 
against greater expenses caused by delays and misfits at the mine. 

The Bearing^S should be of the swivel type, self-oiling, and self- 
adjusting on their spherical surfaces. Such a fitting accommodates itself 
to the shafting, and permits a long wearing surface of cast iron or white 
metal to replace the ordinary brasses. These bearings are made in halves, 
each having a turned spherical projection in the centre. These projections 
swivel in the recesses bored to receive them in the stand holding the two 
parts of the bearing. They can be fixed in any position, and if required 
are fitted with a screw adjustment for regulating the height. 

The distance between the points of support, or the spacing of the 
bearings, is determined chiefly by the diameter of the shaft. As a rough 
rule for general guidance, when the shaft is 2 in. or less in diameter, 
multiply the diameter in inches by 4, the result is the distance between 
the bearings in feet; for shafts from 2 in. to 2^ in. multiply by 3.5; 
above 2 J in. and up to 3 in. multiply by 3. These distances permit 
distribution of power at intervals, but bearings should if possible be placed 
to afford support near couplings and at any points where more than an 
average amount of power is received or delivered. 

To prevent end play collars are fixed to the shafting, and are often 
placed either inside or outside the end bearings. A better arrangement is 
to fix the two collars at opposite ends of the same bearing, expansion of 
the shafting cannot then cause increased friction. 

Pulleys. — Wrought-iron pulleys are generally preferred, being lighter 
and less liable to breakage in transport. For convenience in putting on and 
taking off they are made in halves. When bolted together these halves 
have sufficient grip on the shafting for ordinary drives, or the friction 
between shaft and pulley may be increased by placing a sheet of emery 
cloth between them. For heavier work hollow-backed keys are used, sunk 
keys being only required for very heavy drives. 

The rim of the pulley should be 20 per cent, wider than the belt working 
on it. A crowned rim helps to steady the belt, especially at high speeds, 
but if the belt has to work over fast and loose pulleys, the driver should be 
flat on the rim. 



2l6 GOLD MINING MACHINERY. 

For high-speed work the pulleys must be carefully balanced, or centri- 
fugal strains will be set up and transmitted through the shafting to the 
bearing ; these strains increase with the diameter and speed of the wheel 
and amount of unbalanced weight. 

Loose pulleys are conveniently lubricated by a cup in which a charge 
of grease, or solid lubricant, is pressed inwards by a spring piston. The 
lubricant is only fed when required, and such pulleys run for months with- 
out attention. 

In power transmission by belt pulleys the shafts may be either parallel 
with or at right angles to each other. The direction of rotation may be 
reversed, and the speed can be altered. The diameters of the driving and 
driven pulleys multiplied by their respective revolutions per minute will 
always be equal quantities. Therefore the number of revolutions in a 
given time varies inversely as the diameters of the pulleys, and if the 
driven pulley be half the size of the driver it will make twice as many 
revolutions. 

The rule for determining the diameter or the revolutions of a pulley 
connected with a known pulley is as follows: — Multiply the diameter by 
the revolutions of the known pulley, divide by the diameter or revolutions, 
as the case may be, of the unknown pulley. The quotient is the unknown 
number, either diameter or revolutions. Hence, to find the diameter of 
a driving or driven pulley, multiply the diameter of the known pulley by 
its revolutions and divide by the revolutions of the shaft for which the 
pulley is required. When the diameter is known and the revolutions are 
required, divide the product of the first pulley by the diameter of the 
second. Necessarily the two pulleys must be expressed in the same units, 
either inches, or feet and fractions of feet. The total power that can be 
transmitted between two pulleys is greatest when they are of equal 
diameter, since the power varies directly as the arc of contact between the 
belt and the pulley. Doubling the arc enables twice as much power to be 
transmitted, provided the other proportions are sufficiently strong. For 
this reason it is only under exceptional circumstances that one pulley 
should be more than four times the diameter of the other. 

Setting Out. — Granted that the shafting is proportioned in diameter 
and speed to the power to be transmitted, there still remain several 
conditions to be fulfilled. It must be level, straight, parallel with the 
shafts to which it is connected, its bearings must be aligned to avoid 
friction, and, if possible, the power should be distributed equally on each 
side of the shaft. The laying out will require the same care whether the 
bearings are self-adjusting or not. 

In setting out a line of shafting, the first thing required is a line repre- 
senting its centre. This may be either an extension of one already fixed, 
such as the crank shaft of an engine, or may be parallel with an existing 
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line. When both lines of shafting arc in the same horizontal plane they 
may be squared with a line drawn at right angles to them, this being the 
only instance in which the ordinary square is of any use. 

When the shafts are at different levels, the horizontal distance to the 
new shaft is measured off and a line stretched parallel to and at the same 
level as the datum. This direction is then transferred in a vertical direction 
by plumb lines. 

The beds on which the bearings rest may now be worked to an even 
surface; they may be roughly levelled with each other, although it is not 
likely that the bearings themselves will all be of one height. When the 
bearings are to be carried on brackets, the faces on which these brackets 
rest must be perpendicular and equidistant from the centre line. 

The bearings are now placed in position and levelled, if necessary, by 
parallel packing pieces inserted beneath them. The simplest way of levelling 
is to run a parallel piece of shafting through two bearings, and test it in 
several places with a level which has a V groove planed out of its bed ; this 
groove ensures agreement between the longitudinal axes of the bubble and 
the shafting. 

The bearings being now levelled and roughly in position, a wire or fine 
line representing the centre of the shaft is now run through them; they are 
adjusted until concentric with this line. The position of each bearing may 
now be pencil marked, and the bolt holes bored. These holes should be 
in the centre of those in the bearing sole-plates, so that a little room is left 
for final adjustment. 

After the shaft is in position and the driving pulley bolted on, but not 
permanently fixed, the laying off may be verified by a line stretched along 
the edges of the driving and driven pulleys. To obtain the best results 
the line must not be fastened to either pulley, but to a point beyond each. 
It should not touch either pulley, but cross each in as long a chord as 
possible. Mark the edge of the pulley where the line crosses it, say at the 
back, revolve the shaft until the mark is opposite the line in front. If the 
distances between the pulley edge and the line are equal at front and back, 
the line and shaft are at right angles to each other. By working to the 
same mark on the pulley edge the test will be equally effective, whether 
the edge of the pulley is true or not, but care must be taken that the shaft 
collars are adjusted so as to prevent end play. 

The driving and driven pulleys must each correspond with the line 
when tested in this way, allowance being made for any difference in the 
width of the rims. Should any alteration be necessary, the whole length of 
shafting must be moved, and again tested with a line to prove no deflection 
has occurred in its length. 

If these precautions are observed, the belts will run in the centres of the 
pulleys, show no disposition to creep to one side, and require neither guides 
nor rollers to keep them central. 



GOLD MINING MACHINERY. 






1 "n 




Plan 











When a quarter-turn drive is required, as in vanners and other machines, 

! two shafts must be at right angles to each other. A plumb line is hung 

m ihe centre of the driving Tace of the u|>[)er pulley, and the lower pulley 

ijusted on its shaft until its face is touched and bisected by the plumb line. 
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Belts. 



Power may be transmitted from one shaft to another by belts, ropes, or 
chains ; the two former are preferred as affording a more flexible drive and 
less rigid connection. Belts are made of leather, rubber, and various 
fibrous substances, such as flax, cotton, and hair. Leather belts weigh from 
10 to 16 oz. per square foot when double, and vary greatly in quality ; 
a fair idea of the (luality being obtained by examining the lengtli of the laps 
of which it is composed. Good belts have short laps, cut from the best 
parts of the hide, and not exceeding 4 or 5 ft. in length ; inferior belts have 
laps 7 and 8 ft. long and varying considerably in thickness. This variation 
may not be observable in the finished belt, as the thin part of one lap is 
placed against the thick part of another. Leather lasts well if given 
attention and dressed at intervals with dubbing dressing, or castor oil, 
though the last should not be used on belts with cemented joints ; in any 
case the surface must be kept soft, so that it laps lovingly around the pulley. 
The objections to the use of leather are, the numerous joints in the bell, 
inability to stand wet, liability to injury by rats and insect pests, and when 
not taken care of the surface hardens, slips on the pulley, and cracks. 

Rubber belts consist of layers of canvas bedded in, and faced with 
rubber ; they stand wet, but, like all rubber compounds, are subject to de- 
terioration in tropical countries. 

On the whole the fibre belt is the most suitable for general use ; it is 
made in one piece and is affected by neither water, heat, nor steam. The 
Balata type of belt gives satisfaction even under conditions precluding the 
use of leather. 

The breaking strain of belts varies from 3,000 to 6,000 lbs. per square 
inch of sectional area, the sectional area being the width of the belt 
multiplied by its thickness, both in inches. 

Kour-ply Halata belting 6 in. wide (5.9 in. by. 27 in.) is a little over li 
sq. in. in sectional area and breaks at 4.65 tons, or 3/,, tons per square 
inch, equivalent to a driving strain of 1,765 lbs. per inch in width. 

In practice, for a belt of this class, or its equivalent in double leather, 
5 per cent, of this total strength would be taken as the working load. 
Thus the working load will be about 50 lbs. per inch of width for single 
leather or three-ply fibre, and 75 lbs. for double leather and the thicker 
fibre belts. These loads may be and often are exceeded, but such excess is 
not conducive to the life of the belt. 

The power that can be transmitted with belting of any tensile strength 
varies directly as the speed and arc of contact with the pulley. The 
effective arc of contact is that of the smaller pulley of the pair and in no 
case can the arc exceed 180**, unless a tightening roller is used. 

The useful effect transmitted by the belt is the difference in tension 
between its tight and loose sides, it increases directly with the speed, and is 
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highest when the belt travels over pulleys of equal diameter. The average 
speed of bells is 4,000 ft. a minute, 6,000 ft. is about the limit, as at higher 
speeds the centrifugal force, due to the weight of the belt itself, decreases 
the belt's grip on the pulley. 

A safe rule is that i H.P. is transmitted for each inch in width of double 
leather or five-ply fibre belt running at 500 ft. a minute, and by each inch 
of single leather or three-ply fibre when running at 800 ft. a minute. 
Therefore to find the width of double belting required to transmit a given 
power at a given speed, multiply the horse-power by 500 and divide by the 
speed of the belt in feet per minute. For single belting, multiply by 800 and 
divide as before. 

In laying out the work avoid vertical drives, and let the lower part of 
the belt always be the driving side ; the upper part, being slack, will sag 
and increase the arc of contact. 

The total length of belt for any drive is twice the distance between the 
shaft centres plus the semi-circumference of each pulley ; when the pulleys 
are of equal, or nearly equal, diameters deduct half an inch in each ten feet 
for stretch. The ends should be cut perfectly square, so that when brought 
up butt to butt by the tightener the tension will be equal on each side. 

The two ends may be joined by la})ping them for a length equal to 
twice the width of the belt, and fastening with rivets, bolts, or laces. Alter- 
native plans are — to butt the ends and place a lap piece over them, to unite 
the butted ends by plates or laces, or turn up the ends and use fasteners. 
Of these the first two plans are suitable for heavy drives, while the last 
cannot be used with a tightening pulley, nor when the belt is handled while 
in motion. 

Laces are still used for joints passing under tightening, pulleys ; they 
should be wetted before use and worked double, the up and down laces 
passing in opposite directions through the same hole. 

Joints made with plates last longer than laced ones, but plates should 
not be used under a tightening pulley, nor when there is considerable 
difference in the diameters of the driving and driven wheels. 

Should the belt run towards one edge of the pulley, the cause may be 
unequal tension in opposite sides of the belt, or, as is generally the case, 
that the shafts are not parallel with each other. 

Slipping of the belt is caused by slackness, too little width or arc of 
contact, want of adhesion, or insufficient speed for the power required. 
Chronic slipping shows that the belt, under the conditions of its use, is un- 
equal to its work. These working conditions may be improved by sub- 
stituting a perforated or a wooden pulley, or one covered with canvas, 
leather, or paper : these coverings increase the adhesion of the belt to its 
pulley. A radical cure is to use larger pulleys, giving the belt a higher 
jpeed, or to use a wider belt with increased tension ; increasing the width 
without altering the tension will effect no improvement. As a temporary 
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measure, two belts may be used, one working on the top of the other ; the 
outer belt will then take part of the load, and by its tension increase the 
adhesion of the lower belt to the pulley. 

Round gut belts, such as are used for driving governors and light 
machine tools, are joined by screwing the end tightly into the socket, allow- 
ing the end to project a sixteenth of an inch, and burning this part off with 
a heated rod or wire. 

Horse-Power Transmitted per Inch of Width. 
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Ropes. 

Cotton Ropes are used only for main drives and to transmit power 
from the motor to the shafting when the latter is required to run at a 
different speed. They are run at from 3,000 to 6,000 ft. a minute, and are 
stronger than belts, a good cotton rope having a breaking strain of 4 tons 
per square inch of area and a safe working strain of 250 lbs. Each rope 
is spliced at the ends, forming a complete belt, and works in grooves 
turned to receive it in the pulley face. The sides of these grooves slope at 
an angle of 40" to 45°, and the adhesion of the rope to the pulley is largely 
due to its wedging in the V grooves. The splices must be carefully made, 
as the rope will not run smoothly if thicker at one part than another. 

Wire Ropes. — The average length of a good belt or rope drive is 
from four to six times the diameter of the largest pulley employed, and if 
this is materially exceeded, trouble is caused by the sag of the belt. There 
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is no such limit to the use of wire ropes, tensile strain and rotary motion 
may be conveyed for great distances, though in practice a mile s about 
the limit. Within this distance a well-designed rope drive will compare 
favourably with air or electricity, provided only transmission from point 
to point is considered, and not distribution at destination. 

The flexible kinds of ropes are the most suitable, they are speeded at 
2,000 ft. a minute, and require support at intervals according to their 
diameter, generally 1 20 ft. The driving and driven pulleys have V-shaped 
grooves, lined with wood or leather; for heavy strains at lower speed special 
pulleys are made with triggers in the rim, these triggers turn inwards and 
grip the rope when compressed by its passage around the rim. 

The average life of the driving rope is from eighteen months to two years. 
In testing a transmission plant in which 10 H.P. were sent 1,000 yards, 
the loss was found to be ij H.P. ; but when the distance was increased to 
5,500 yards the loss became 4i H.P. When used for higher powers the 
loss percent, is less, but for distances of more than a mile the loss increases 
at a higher rate than with cither air or electricity. 
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Air and Electricity. 

W^hen the problem is one of conveying power in bulk from an available 
source to the works, or to a distributing centre, the choice practically lies 
between compressed air and electricity. In no case can transmission be 
effected without loss ; the inertia and friction of the generators, the 
resistance in conductors, leakage and loss of heat, all demand their 
percentage of the total power applied. 

As considerable capital outlay is involved, the whole question of power 
transmission is deferred until the mine is sufficiently proved to warrant the 
expense ; the mines on the Kolar Gold-Field, for instance, were proved to 
the extent of twenty years of dividends before electric power was intro- 
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duced. Such mines are naturally^ already equipped with steam plant, and 
Compressed air has the advantage of being applicable to the plant already 
installed ; it is beneficial underground, easily stored in moderate quantities, 
and safe in use. 

The fact is, compressed air would be more economical if it were more 
dangerous ; the very safeguards necessary in dealing with electricity tend 
towards efficiency. The initial cost of the power generators is about the 
same in each case ; the cost of conductors in favour of electricity, esjx^cially 
when a high voltage is used. Air pipes require special preparation of the 
track on which they are laid, and in rough country this is no inconsiderable 
addition to the cost. 

The loss in transmission is rather less with electricity than with air ; 
a careful test made on a small scale, only 50 H.P. being transmitted for 
3 miles, showed a loss of 2.35 H.P. for electricity, and 3 H.P. when air 
was used. 

As far as mining is concerned there seems to be a great future for air 
as a means of power transmission ; in only a few instances has any advan- 
tage been taken of reheating before use (which alone makes a difference in 
efficiency of 20 to 25 per cent.), nor of transmission under the higher 
pressures which stage compression has rendered available. 

The relative merits of air and electricity depend on the conditions 
peculiar to each case, the advantage of the latter medium being greater as 
the power and distance increase. 

When one or two mines only are involved requiring from 500 to 800 
H.P. (a proportion of which is to be used underground), and when the 
distance is only a few miles of favourable surface, the advantages of a high- 
pressure air system are worth serious attention. This is especially the 
case when the motive power is water, and ample cooling is available. 

For larger installations, supplying power to groups of mines, electricity 
is indicated ; and it may be stated as an axiom that the higher the voltage 
the less the prime cost of conductors. For instance, the conductors 
required to convey a current of 500 amperes at 500 volts a distance of 
10 miles will weigh over 100 tons in copper alone, even allowing a loss 
of 25 per cent, in transmission ; but the same power could be conveyed 
as an alternating current at 5,000 volts with only 5 tons of conductors. 

The copper required for any given distance will be found to vary as 
the .square of the voltage, hence the saving on the high tension system. 
The current may be generated at the tension required, or at a low tension, 
and transformed either by stepping up or boosters, the booster being 'less 
economical and generally used only on light average loads with increases 
of short periods. 

With the facilities offered by electricity and compressed air, both in 
transmitting and distributing power, it is strange so little has been done 
on mines towards centralising the power supply. All the power required 
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might be much more economically generated at a central station, placed 
where fuel could be easily delivered and water available. It could be fitted 
with mechanical stokers, filters, feed heaters, superheaters, and all the 
essentials to economic production of power, which could not be distri- 
buted to every isolated generator throughout the property. In fact, such 
an arrangement would do away with the small generator, working at 
low efficiency and requiring considerable skilled labour both in working 
and maintenance. 

The reason that nothing of this sort is attempted probably is, that 
each successful mine passes through the different stages of exploration, 
development, and production, and is more or less separately equipped for 
each stage ; and it is not considered prudent to instal permanent plant until 
the future of the mine is assured. The system suggested is not intended 
to apply to well-developed fields, where the mines have passed through 
this stage and the work has been gradually concentrated at certain points ; 
but new fields and districts are constantly being opened up, and in each 
mine the earlier operations extend over a considerable length of the reef. 

Every point of attack must either depend on manual labour or have a 
little plant of its own for hoisting, and possibly for pumping ; in such 
cases, surely the compressor should be the first thing erected. The saving 
in fuel and attendance alone would be considerable, and power is made 
available at any part of the property by merely laying a pipe. As develop- 
ment proceeds additional compressor units could be added, or electric 
distribution installed before the permanent plant is fixed, the compressors 
being then relegated to the underground work. 

The following particulars give some idea of power transmission services 
already in use, the data referring to the North Star Mine being extracted 
from the Proceedings of the Institute of Mining and Metallurgy. 

At the North Star Mine the power generator is a Pelton wheel, 18^ ft. 
in diameter, operated by 240 cub. ft. of water per minute, under a pressure 
of 310 lbs. per square inch; at this pressure the velocity of the jet is 
12,736 ft. a minute, and the discharge 88 cub. ft. per square inch of jet area. 

The wheel runs at 1 10 revolutions a minute, and is directly connected 
to a compound duplex tandem compressor, having 18-in. low-pressure 
cylinders delivering the air at 25 lbs. pressure to the lo-in. high -pressure 
cylinders, the latter delivering the air at a working pressure of 90 lbs. per 
square inch. 

In its passage between the high and low pressure cylinders the air 
traverses an intercooler consisting of forty-nine copper pipes, each i in. in 
diameter, and affording 230 sq. ft. of surface cooled by the waste water 
from the wheel. 

The air mains are 6 in. in diameter, and the air is heated before use to 
a temperature of 300** Fahr. in a heater which burns a cord of wood a day, 
and has 395 square feet of heating surface ; the pipes leading from the 
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heater to the winding engine and mine pumps are well covered with non- 
conducting composition. 

With a jet 2 J square inches in area, and passing 240 cub. ft. of water a 
minute, the theoretical H.P. is 327 ; of this amount the wheel yielded 293 
H.P., equal to 88 per cent, of the total power applied. The compressor, 
delivering 192.5 cub. ft. of air a minute at 90 lbs., indicated 271 H.P., or 
an efficiency of 90 per cent, of the power applied. 

Subsequent alterations to the nozzle resulted in 304 H.P. being 
obtained from 220 cub. ft. of water with a fall of 730 ft., or a generator 
efficiency of 90 per cent. ; the compressor indicating 250 H.P., or 82 per 
cent, of the power it received. 

Out of 300 H.P. generated, it was found that 200 H.P., or 66 per cent, 
were represented in work done in the winding engine and pumps. 

The following particulars of a transmission plant erected by the 
Ingersoll-Sergeant Company contain some interesting references to those 
minor arrangements on which the efficiency of a plant so largely depends. 
The boiler-house, 39 ft. by 69J ft., contains three water-tube boilers of 250 
H.P. each ; mechanical stokers are used and the chimney dispensed with, 
draught being obtained by a 90-in. fan driven by an engine automatically 
regulated by the steam pressure. 

The engine-house is 63 ft. by 69 ft., and the floor stands 9 ft. above 
the boiler floor, all the condensers and intercoolers being located in the 
basement. 

The treatment of the feed water is worthy of notice, as it contained 
12 grains of solid matter to the gallon. The feed was first settled in a tank 
containing three-quarters of a million gallons, and given a preliminary 
warming by the exhaust from the air pumps and other auxiliary engines, 
then raised to a temperature of 212** Fahr. in a heater, and finally brought 
to boiler temperature in a third heater. Treated in this way the water 
forms no scale in the boilers. In dealing with this subject in the chapter 
on fuel and feed, it has already been pointed out how closely allied are 
heating and purifying, and in fact, that heating includes purification. 

The compressors are a pair of cross compound condensing two-stage 
Corliss engines, making 90 revolutions a minute. The steam pressure is 
180 lbs., the high-pressure cylinders 20 in., and the low-pressure 44 in. 
in diameter, the stroke being 4 ft. The air cylinders are 24^ and 39J in. 
diameter, and deliver 6,000 cub. ft. of free air per minute compressed to 
100 lbs. per square inch. 

Before entering the low-pressure cylinders the air is washed and cooled 
by being drawn through an arrangement of six hundred tubes with their 
lower ends dipping 2 in. below the surface of the water. The air is again 
cooled during its passage between the cylinders, and reheated to 300* 
Fahr. before use. Special stoves are used for the heating, but in some 

p 
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[«irts of the di«ribulion scheme the boilers, no longer re<iuired, are made 
to do duly as heaters by keeping a small coke (ire on a potlion of the 
grate. 




The air mains vary from 8 to u in. in diameter, and are similar to 
those used in oil work, being about 35 per cent, cheaper than ordinary 
piping; under test these mains retained iheir pressure for twelve hours. 

The whole installation has dispensed with forty-nine steam boilers with 
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an aggregate of i,8oo H.P., and shows a clear saving of ten thousand 
pounds a year in fuel and attendance. 

One of the longest electric transmission schemes ever arranged was 
that from the Neckar Falls to Frankfort, a distance of 1 1 2 miles. At the 
Falls a 300 H.P. dynamo generated a three-phase alternating current of 
1,490 amperes at 50 volts. This was then transformed to 30,000 volts, and 
transmitted over three naked copper wires, each 4 mm. in diameter. On 
arrival at Frankfort the current was again transformed by the step-down 
process to 100 volts. 

Out of 80,500 watts transmitted in this way 58,000 were received, an 
efficiency of 72 per cent, in transmission, this remarkably good result 
being in some measure due to the form of oil insulator adopted. In other 
transmissions of not much more than a tenth of this distance the loss has 
been as high as 17^ per cent. The loss in transmission from point to 
IK)int is largely a matter of initial outlay ; the larger the conductors and 
more perfect the insulation the less the loss will be. 

In a transmission scheme for mining purposes in Wales, a 300 H.P. 
Pelton wheel operates two direct current dynamos generating 1 70 ampbres at 
500 volts. The installation is remarkable for the way in which the current 
is governed by an automatic reversible booster, which admits current 
to, or supplies it from, a battery of accumulators. When the current 
generated is more than is required, the excess is diverted automatically 
to the accumulators, which in turn give out current when the demand 
exceeds the supply. 

At another mining installation water wheels of 375 H.P., working 
under 860 ft. of water, operate a 250 kilowatt dynamo generating a three- 
phase alternating current of 2,750 volts. In this instance the distance is 
about a mile, and the loss stated to be only 2 per cent, of the force 
transmitted. 

Those interested in this branch of the subject may with advantage 
consult " Electricity as Applied to Mining," by Messrs Lupton, Parr, and 
Perk in.* 
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CHAPTER XIV. 

TRANSPORT. 

Tram Lines — Rails — Sleepers — Ikying Track — Points — Turntables — Trucks — Light 
Railways — Locomotives— Ropeways, Various Systems— Telpherage — Mono-rails — 
Belt Conveyors — Elevators. 

A LARGE proportion of the work in mining operations consists in moving 
and transporting weights, and the methods adopted for this purpose and 
the details of the equipment demand special attention, as a saving of even 
a fraction of a penny per ton amounts to a considerable sum on the 
tonnage handled during a year. Most of this weight passes over tram 
h'nes, which will often be found badly laid, poorly supported, and com- 
posed of rails too light for the working conditions, these defects being, if 
anything, more noticeable below ground than on surface. Whatever gauge 
be adopted it should be uniform above and below ground, the same rails 
and fittings employed throughout ; both rails and trucks are then suitable 
for service at any point. A fairly wide gauge is necessary to ensure 
stability to the moving load, and to lessen the height of the trucks for 
any given capacity. As a rule an i8 or 20 in. gauge is adopted. 

The rails used throughout the mine should be uniform in section and 
weight, 12 and 14 lbs. per yard being serviceable sizes for general use. A 
ton of lighter rails reaches farther, but the saving is not as great as it 
appears, as more sleepers will be required, and it must be remembered 
that the weight a rail will carry when supported by a firm ballasted track 
is no criterion of its capacity when laid on soft ground, or supported at 
irregular intervals. For light locomotive work the 20-lb. rail is the lightest 
that will be satisfactory, unless the ground is particularly firm or the track 
well ballasted. 

The fish-plates are usually altogether too flimsy, some patterns being 
nearly cut in two by the bolt holes. They should be wide enough to bear 
firmly on the upper and lower rail flanges, and be secured by either square 
or oval necked bolts. 

Sleepers. — Wood is generally used for this purpose, and, owing to its 
elasticity, it is perhaps the best material for roughly laid tracks. As a rule 
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ample sectional area is allowx-d, but the Icnyth is oftL'ii deficient, and a 
considerable area of support on llie outside of the rail is essential, especially 
when the ballast is inadequate. For a lo-in. track the sleepers should 
average 3 in. thick by 4J in. wide, and not less than 3 ft. long. 

The rails are secured to the sleepers by dog spikes ; and as much of 
the rail laying is for temporary purposes the dogs should have cars at the 
back, so that they can easily be withdrawn by using a crowbar. When 
hardwood sleepers are used, holes must be bored to receive the spikes, the 
diameter of the hole- being equal to ihe side measurement of the spike. 
No danger from white ants need be apprehended if the line is in fre- 

Sleel sleepers are made in many forms, both rolled and pressed. The 
ordinary rolled lrough'Sha[>ed sleeper is secured to the rail by a bolt 
jKissed from beneath it; such an attachment is difficult to renew. The 
trough shaped sleeper, being open at each end, has no hold on ihe ground, 
and the line is easily distorted on curves by the outward pressure of the 
load. .Another form is rolled with a corrugation in which a hook bolt is 
placed to pull the rail against a clip. In this form the bolt may easily be 



replared, but the sleeper itself lacks rigidity and is easily deformed when 
supported only by soft ground. The rolled sleeper is quickly laid and 
may with advantage be used for temporary pur|ioses and light loads. 
.Additional length outside the rail is not so important in this ctise, as the 
sleeper lacks the necessary rigidity lu convey the support to the rail. 

The pre.ssed sleeper (illustrated in Fig. Si), though more expensive, is 
free from all the above objections and suited to the heaviest tram service 
or light railway work. The pressed flanges ensure slifTness, ihe down 
curved ends hold the ballast and prevent distortion of the line on curves, 
its total length is double the rait gauge, and all screw fasienings are dis- 
jjensed with, the rail being held by a simple key. About two thousand of 
these sleei>ers to the mile make an excellent road for light locomotive work. 



Tram Lines. — Although the material supplied may not always be 
the most suitable, the fact remains ihai most of the defects in tram lines 
are due lo imperfect laying of the track. It is considered " near enough " 
if the sleepers are so spaced as to prevent the rails from spreading suffici- 
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;nlly to let ihe truck drop throughj The vertical deflection of the light 
rail is not considered, but possibly brought to the notice o( ihe unfortunate 
trammer, compelled to pu&h his ]o.i<l constantly uphill. The same indi- 
vidual also lias to overcome the friction of wheels pressed against the axle 
boxes, owing to the two rails l>eing at unequal heights. It is true the 
load is a light one, usually not more than 12 or 15 cwl., but the motive 
power is small in proportion. 

It is evident, then, that a badlylaid track increases not only the labour 
of tramming, but also the wear of all rolling stock ; in addition, work is 
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delayed by frequent derailments. All these things cost money, and a 
fraction of the total cost would have provided a good track in the first 
place, 

To any workman of ordinary intelligence, it is as easy to lay a piece 
of track well as to do it badly, and the extra time retiuircd is of little 
momL-nl. In preparing the road-bed, the ground may be roughly levelled 
with a spirit-level and staff, or by boning should the track be on an incline ; 
the prepared surface should be covered with ballast if it can possibly be 
procured. Any ballast that aff- "'" ' 'linagi- fot water lengthens the 

life of wooden sleepers beside." siri:nyih of the track. I 
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The sleepers are then spaced out about 2 to 2 J ft. apart from centre to 
centre, and the rails spiked down to gauge, care being taken that the ends 
of the two rails are square with their length, or the sections will not join 
up properly. The different rail lengths are then fastened together with 
fish-plates and bolts, the track lined up for direction by slewing with crow- 
bars at the sides, and levelled up by packing ballast beneath the sleepers. 
If a section or two are checked with a spirit-level, the work may be carried 
on by the eye; a glance diagonally across the rail tops will detect any 
inequalities, and the level can be used at intervals as a check. 

Each sleeper should be packed evenly, not for its entire length, but 
for 6 to 9 in. on each side of the rails. A sleeper that is insufficiently 
packed does not bear its share of the load and springs as the weight passes 
over it ; water collects beneath it, and more packing is worked out by the 
splashing of the water, until the sleeper only adds to the weight on the rail. 

Any attempt at slewing a piece of straight track around a curve only 
results in injury to the rail fastenings ; a gradual change of direction may be 
made in this way if the radius permits, but for short curves the rails should 
be bent with a jim-crow. This tool is applied at equal distances along 
the length of the rail, the distance and amount of deflection depending on 
the radius of the curve. To allow play for the wheels, the gauge on curves 
is always kept slack ; some of the rolled steel sleepers do not permit 
any change to be made, but if pressed ones are used, the keys are driven 
outside the rails on straight track, and inside on curves. This arrange- 
ment allows the gauge to expand on curves by twice the thickness of 
the key. A slight superelevation of the outer rail eases the work of 
tramming around curves considerably. In light railway work the rule for 
finding this superelevation is as follows : — The gauge in feet multiplied by 
the square of the velocity in miles per hour divided by the radius of the 
curve in feet multiplied by 1.23 equals the superelevation of the outer rail 
in inches. 

Points. — Points are of two kinds, one having the tapered rail, as used 
in ordinary railway work ; in the other pattern one pair of rails is shifted 
and replaced by the other, a form still used on some of the main lines in 
the Western States ; the former is smoother in action, the latter best 
adapted to rough usage, and less likely to get out of order. In laying 
out points, the curve should be an easy one, an extra length of rail being 
placed between the pK)int and crossing if necessary. Guard rails will be 
required at the crossing, and the point lever should be fitted with a balance 
weight to ensure that the points are either open or shut. Sleepers of 
additional length will be necessary to carry both lines of rails until their 
divergence is sufficient to permit the use of ordinary lengths. 

Turntables. — ^Vhen the space available is insufficient for a curve, 
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the direction of the road may be changed, or two tracks joined, by a turn- 
table. In the patterns usually made for narrow tracks the weight is carried 
on the centre pivot ; this necessitates clearance around the outer edge of 
the table, and allows it to dip as the load is moved ; an even junction at 
the rail ends is therefore impossible. 

A satisfactory table can be made from the particulars given in Fig. 83 ; 
the tapered circular rails on which the wheels run can be bent from 
grizzly bars, and the remaining materials will be found on every mine. 

The table should be fixed on bearers or supported on a timber frame. 
Flat sheets are preferable for underground work, their surfaces being either 
greased or kept wet ; the rail ends, where they join the sheet, are tajxired 
down and splayed outwards, so as to guide the truck wheels within 
the track. 

Trucks. — The ordinary mine truck is of 10 cub. ft. capacity, and holds 
half a ton, or of 15 cub. ft. and holds three- quarters of a ton. In either 
case the height must be reduced as much as possible, both for the sake of 
stability on the track and convenience in filling from chutes and faces ; it 
must also be light and strong, must tip cleanly, and not be easily derailed. 
As a rule, these conditions are more completely fulfilled in those made at 
the mine than in imported ones, and the design shown in Fig. 84 will be 
found to give satisfaction. 

The body is built of steel plates, either ^ or /o in. in thickness, the 
bottom being of Jin. plate ; if made of wood, the sides will be i J or 2 in. 
thick, and greater over-all dimensions required for a given capacity ; even 
in steel trucks the bottom is often protected by a renewable timber lining, 
as illustrated. 

The sides project over the wheels, the increased width permitting the 
height to be reduced ; the top edges are stiffened by a flat bar riveted all 
around, this method of strengthening being more amenable to repair than 
when the plates are rolled over a round bar. 

Most mine trucks are of the end tip variety, the tipping angle dep)ending 
on the height of the body from the rails and the position of the front axle ; 
the closer the front axle to the front of the truck the better the angle, but 
the greater the weight to be lifted in tipping. The truck shown gives a 
I)articularly clean tip, and discharges well even when the contents are wet. 
The catches securing the door are worked from behind, and side handles 
are provided for guiding the truck around curves, and slewing it on flat 
sheets. Buffers and draw-hooks are not needed, as each truck is handled 
singly ; the wheels, axles, and bearings are all interchangeable. 

There is no doubt that on rough tracks and sharp curves the loose 
wheel works with less friction than the fixed, but the ordinar>' method of 
securing it to the axle is faulty, as grit and dirt are allowed to enter the 
axle box each time the truck is filled. This does not happen with the 




Fig. 85,— Mine Track. End View. 
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solid boss wheel as used in U.S.A. ; in Fig. 85 the wheels are protected 
by the overhang of the body. Steel wheels are lighter, and the disc pattern 
collects less dirt than the spoked variety ; the tread should be tapered 
and joined to the flange by a full curve ; a square flange joined to the tread 
by a narrow corner causes the wheel to mount the outer rail on curves. 
In this particular truck the axles are formed of hydraulic tubing, ij in. 
outside diameter, holding a week's supply of lubricant for the wheels ; as 
the back axle is not rigidly connected to the frame in a vertical direction, 
it is free to accommodate itself to the inequalities of the track. 

The hinge pin of the door is interchangeable with the bolts holding 
the wheels and the axles together ; a well-braced frame is placed between 
the axles and the body, so that the former shall be parallel to each other 
and square with the body, in spite of rough handling and bad treatment. 

Fig. 84 does not make it quite clear that the distance pieces for spacing 
the axles arc kept in position by a set screw through each boss. 

Light Railways are used on many properties for transporting 
supplies, ore, and fuel ; also for connecting the works with other transport 
systems, such as main lines and waterways. To keep the earthwork 
within reasonable limits it is generally desirable to follow the contour of 
the ground ; a preliminary survey will decide the difference in levels of the 
terminal stations, and give a rough idea of the direction to be followed. 
The data obtained in the cross sections and contours will enable the line 
to be pegged out to best advantage, the cuttings being roughly equalled 
with the flllings, and the inclines kept within the limits determined on. 
As a general rule it may be said that an inclination of i in 40 is about the 
limit for useful traction, either by light locomotive or animal power. 

In tropical countries drainage demands particular care, and means 
must be provided for dealing with heavy downpours, as well as preventing 
accumulation of water along the line, as this, if allowed to take place, 
causes settlement of the earthwork and displacement of the rails. 

For light locomotive work a gauge of not less than 2 ft. is desirable, 
though gauges of 18, 20, and 22 in. are often used ; the rails should not 
bo less than 20 lbs. to the yard; and about 2,000 sleepers to the mile 
should be provided. As the line frequently proves of more use than was 
anticipated, it is advisable to provide, at the first, turn-outs where traffic 
coming in opposite directions may pass. 

Light locomotives are made with cylinders 4 by 8 in., and 5 by 10 in., 
weighing about 4J and 5 tons respectively ; provided with a leading bogie 
or radial axle, such engines can get around curves of 40 ft. radius, though 
nothing less than a chain radius should be allowed where space permits. 
On an incline of i in 40 these small engines haul about their own weight. 
The radial type of valve gear, although more exposed to injury, will be 
found more convenient and accessible than eccentric gear placed within 
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the frames. A horizontal Iraulk of limber, boUcd across each end of ihe 
frame by the cow-catchers, is useful in supporting the weight of the engine 
should it run off the line. 

Traction with engines charged with air at high pressure has not been 
successful; electricity, on the other hand, is a valuable medium for the 
purpose, and is employed in engines of many hundred horse-power in as 
low a potential as 220 volts. It is probably on account of the irregularity 
of the workings that mtchanical traction and haulage are so little used in 
metalliferous mines. 

The rolling stock will comprise trucks and waggons of different patterns, 
with central couplings and buffers, a brake to each vehicle and a spring 
over each axle bearing. Allowing ^500 a mile for earthwork and grading, 
a light line with locomotive, trucks, points, sheds, feed tanks, and cleaning 
pit, will cost about ^^2,000 a mile ; the estimate being necessarily a rough 
one, sn much depending on the cost of transport to the mine. 



Wire Ropeways.— Opinions are by no means unanimous as to the 
relative merits of ropeways verzui tramways ; on some mines the former 
give every satisfaction, while elsewhere they are condemned and endeavours 
made to replace them with tram lines. Ro|>i'ways work well when properly 
erected, when designed for the work to be done, and the particular con- 
ditions of service ; they have the advantage of being applicable to rough 
country and gradients precluding the use of other means. 

No |)articular pattern of ropeway is suited to all-round service, several 
styles and types are made, each being applicable to some ruling condition 
of toad, incline, and span. A careful study of these conditions must be 
made before any decision is arrived at, and having collected all Ihe data, 
it is well lo be guided by the advice of some experienced manufacturer. 
Generally speaking, the diteciion should be chosen with greater attention 
to horizontal deviation than vertical deflection, as curves increase both the 
prime and the working cost. In every case the load lo be carried is 
suspended from an overhead rope ; this may be in motion or at rest, in the 
latter case the load is moved by a second rope. 

The simplest of all systems is a single rope placed on an incline, with 
carriers running freely on it : such an arrangement being only possible 
when the loading station is above the point of delivery. A ^-in. rope, 
mple capstan or winch, will carry loads up lo 
> yds., the incline being G ft. in 100. Such a 
md fuel, especially in 



stretched in this way by 
I cwt. on spans up to i 
system provides a ready 
hilly country. 

For general mining u 
endless running rope may be used, with 
by frictional contact only ; each carrier 1 
loading and unloading. But thi.s system 
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not exceeding 6 cwt., for spans not exceeding 600 ft., for inclines of not 
more than i in 3, and for tonnages of not more than 50 tons an hour. 
These conditions, however, cover all usual mining requirements. At 
one end of the line the rope passes around a drum connected with the 
motive power and brake gear, at the opposite end around a similar drum 
controlled by the tightening gear, intermediate support being afforded by 
posts and piers placed about 200 ft. apart. The carrier is suspended by 
a curved hanger from the carriage, which is fitted with vee blocks resting 
on the rope, these blocks being lined to afford additional frictional hold. 

Two small wheels project from the carriage and engage with rails at 
the terminal stations ; these rails, being slightly inclined, raise the vee 
saddles from the rope and disengage the carrier. 

The load is contained in dumping buckets filled from bins fitted with 
swinging chutes acting as doors, the loading therefore causes little delay, a 
constant succession of empty carriers being received, and full ones despatched. 

The approximate cost of a mile of straight line on this system would 
be ;£^i,25o, exclusive of power, posts, freight, and erection. The speed of 
the rope and load would be four miles an hour, and the cost of carriage 
from two to four pence per ton mile, the cost of fuel being additional. 
The figures in this section, and much of the information, are kindly 
supplied by Messrs Bullivant & Co., Ltd. In comparing the prime cost 
of rope and tramways, allowance must be made for difference in cost of 
erection ; the earthwork, in the case of the ropeway, being confined to the 
terminal stations and post holes. 

In a variation of this system the carriers are permanently fixed to the 
rope, the total weight carried is then evenly distributed, and can be taken 
up any incline ; but the carriers cannot be stopped for loading without 
stopping the entire circuit, and the arrangement is less applicable to 
handling ores, sands, and loose materials. 

The pattern in which the main ropes are fixtures and used as suspended 
rails is applicable to a greater load unit and wider spans ; it is used when 
the loads, tonnage, spans, and inclines exceed the capacity of the types 
already mentioned. These main ropes are anchored at one end of the 
line, tightened at the other, and supported between these points at intervals 
of about 300 ft. The carriers are hauled at speeds of four to six miles an 
hour by a moving rope, and are attached to the running rope by clips, 
which automatically disengage on reaching the discharging point or 
terminal station. 

The price cost of a mile of this ropeway carrying 10 tons an hour, in 
loads of 4 cwt., spans not exceeding 350 ft., inclines not more than i in 
10, will be about ;^i,33o ; any increase in span or incline adding slightly 
to the cost. This form is used when the inclines are too steep for mere 
frictional contact, and can be ananged for spans up to 1,200 ft., 350 ft. 
being a limit more of cost than of width. 
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Modifications of this system are adapted for spans up to a mile in 
length, for loads up to 4 tons, and inclines of 40** and 45° ; in such cases 
the load is taken by one carrier, running to and fro on the same rope, or 
returning on a parallel one. 

The main rope is connected with the anchorage chains by blocks and 
falls, which serve not only to tighten the rope, but to take up any stretch 
that may occur. 

The anchorage consists of a horizontal bearer sunk in the ground and 
supported by headers placed in front of it to distribute the weight; 
anchorages for spans of unusual length being made by iron girders em- 
bedded in concrete. The motive power may be steam or water; the 
amount required depends mostly on the inclines, very little being required 
for a level track. When the discharging point is below the loading station 
the descending load will suffice to pull the empty carriers up, and in this 
case the descent of the loads is regulated by brakes. The tonnages and 
spans mentioned in this section must not be taken in any way as limits, 
they merely form a basis for arriving at some idea of the cost per mile ; a 
delivery of forty tons an hour can easily be arranged for and the lines 
duplicated to any extent. As instancing what can be done with a light 
ropeway, one span of 1,000 yds. is in use, the standing rope being J in. 
and the running one \ in. in diameter. Eight loads of i cwt. each are 
carried at a speed of a quarter of a mile a minute. 

According to its arrangement, the ropeway offers a quick service of 
light loads, or fewer loads of greater weight ; it is applicable to situations 
where the gradients are too severe for tram lines or light railways, and is 
a means of hoisting and conveying in one motion, as required in the 
disposal of tailings or residues. 

Telpherage is electrical traction, and is an automatic process in so 
far that each load has its own motor and is not accompanied by a driver. 
The load may be carried on rails, but is usually conveyed in a carrier 
having two grooved wheels running on an overhead wire rope; these 
wheels being driven by a motor taking current from a wire above them. 
The current, which is usually a direct one, is supplied separately to 
different lengths or sections of the conductor, each section being controlled 
by a switch ; by movement of the switches the operator is able to stop or 
start the carrier in any section. By introducing resistances the speed 
can be reduced in going around curves, and on reaching its destination 
the carrier automatically switches off its own current and comes to a 
standstill. 

As a rule each line forms a complete loop or circuit, the carriers 
moving only in one direction ; the carrying rope is supported at intervals 
of about 100 ft., the distance depending on the load. The attachment of 
the rope to the supports allows free passage of the carrier arms, and as 
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the weight is entirely below the point of suspension, the wheels have no 
tendency to leave the rope. The objection to this system of conveyance 
lies in the skilled attention required by the many motors and other 
electrical details. 

The Mono-rail system consists, as the name implies, of a single rail, 
which is supported by steel bearing plates attached to it at intervals, these 
plates resting directly on the ground. The cost of track laying is reduced 
to a minimum, not only is no expense incurred in laying two rails to 
gauge and maintaining the gauge afterwards, but the surface of the ground 
requires scarcely any preparation. On any ordinary surface the bearing 
plates would simply rest on the ground ; only in case of exceptionally steep 
slopes would the ground be levelled or prepared for them. The truck is 
supported on fore and aft bogies, the wheels being doubly flanged ; the 
body of the truck is so arranged that the load may be equally divided on 
each side of the rail, and therefore balanced. When intended for manual 
labour a pole is fixed horizontally at the back of the truck, and as the 
leverage is considerable, a very slight pressure serves to complete the 
balance of the load. For animal traction a third wheel is added which 
runs on the ground by the side of the track ; in either case the lower part 
of the truck is only just clear of the ground and remains at a convenient 
angle for loading when the handle is released. 

Owing to the double bogies on the trucks the sharpest curves are 
readily negotiated ; the long load base and numerous rail supports permit 
a light 'section of rail to be used, one that can easily be bent to follow 
contours without special appliances. The cost of laying has been given 
as low as twenty pounds per mile, and there is no doubt the system is 
suitable at all events for pioneer work and for feeding light railways ; this 
is especially so when used for such temporary work as fuel collection, 
when the tracks have to be relaid at frequent intervals as the ground 
surrounding them is denuded of timber. 

Belt Conveyors. — The belt conveyor is an excellent means for 
transporting a continuous load for short distances, and is largely used 
for linking up the mine shaft and mill, for distributing the ore to the 
different bins within the mill, and is also replacing the revolving sorting 
table. The wear and upkeep are light, the chief expense being in the 
original outlay, and it is mainly on account of the cost of the belt that its 
range of action is limited. 

The belt is made of canvas faced with rubber, it suffers little from 
abrasion, is made without flanges, and caused to assume a trough shape 
by the rollers on which it works. An average belt would be from 20 in. 
to 24 in. wide, be formed of eight plies of canvas, would run from 200 to 
300 ft. a minute, and convey 40 to 50 tons an hour. 
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When employed in distribution work, special adjustable arrangements 
are provided causing the belt to discharge its load at any re(]uired point. 
The two ends of the belt need not be at the same level ; provided the 
material is fairly dry, an inclination of even 20" in no way interferes with 
the action. 

Hlevators are used for raising loads rather than transporting them ; 
they are employed when the mill site has insufficient fall for an automatic 
process, and the ore has to be lifted to a higher level for further treatment. 
Raff wheels answer the same purpose, but occupy more room, as their 
diameter must always exceed the height of lift retjuired. The ordinary 
elevator consists of an endless series of buckets which contain the mateiial 
to be raised, and works over pulleys at the highest and lowest points of 
the lift ; the material being in either a wet or a dry state. The different 
patterns vary in the means adopted to join these buckets into a revolving 
band ; linked chain may be used for short lifts, but the wear is severe, 
owing to sand and grit working into the hinged joints. 

A more usual i)lan is to fasten the buckets to ordinary belting ; they 
are spaced from 12 to 18 in. apart, the total number depending on the 
height of the lift, tonnage to be handled, and strength of the belt. Each 
bucket is secured by two or more bolts, in a horizontal row near its lip, 
and passing through a strip of iron at the back of the belt. The speed of 
the belt is from 300 to 350 ft. a minute ; if run at a higher rate it is 
difficult to get a clean discharge. 

The wear and life of the elevator depend largely on the feed being 
properly delivered to, and taken by, the buckets as they pass around the 
lower pulley. If a proportion of the feed misses the buckets it accumulates 
in the boot, and has to be scooped out by the buckets; a process 
very destructive to fastenings, and the strain often tears the buckets from 
the belt. 

This is less likely to occur when the buckets are fastened to the inside 
of the belt, in which case skeleton pulleys with openings in the rims to 
receive the buckets will be required ; such pulleys must be overhung, or 
supported by arms on one side only. This type loads and discharges 
welly but the spacing of the buckets cannot be varied, as it must always 
agree with the openings in the pulleys. 

It is sometimes difficult to receive the fall of wet ])ulp, such as the 
disctuuge from an elevator, as even old stone-breaker jaws are quickly worn 
through by the constant attrition. The best plan is to build a box l>elow 
dw point of discharge, so that the pulp will fall on that already bedded 
within the box ; as the bedding is being constantly renewed it needs no 
taQtion and costs nothing for repairs. 
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CHAPTER XV. 



PIPING AND JOINTS. 

Kinds of Pipe — Table of Threads — Jointing — Steam Pi|)cs, condensation in ; Loss of 
Pressure in — Water Pipes, capacity — Air Mains, leakage — Power Supply Pipe — 
Flanged Joints — Red Lead and Rust Joints. 

The higher classes of solid drawn tubing are little used in mining work, 
the pipes generally employed being either butt or lap welded. The latter 
is the stronger of these two varieties, though in each there are qualities 
varying from the flimsiest gas tubing to stout hydraulic pipe. When 
ordering it is usual to specify the bore and maximum pressure, rather than 
defme in any way the thickness of metal of which they are to be made. 

There are, however, two evils to guard against, the first being an 
introduction of both English and American pipes to the same proi)erly. 
These differ in the pitch of their screw threads, and not only are they not 
interchangeable, but each make requires a separate stock of fittings and 
connections. The objection does not apply with so much force when the 
piping forms part of a com[)lete outfit, as in diamond drilling plant ; but 
endless confusion arises from the general employment of two different 
kinds of pipe. When ordering pumps and other machinery of American 
manufacture it is advisable to specify for either English pipe threads or 
plain flanged connections. 



1 


Threads 


per Inch. 




Bore of Pipe. 


- — 





Average Weight 
per Foot. 


I Mchcs. 


KnglLsb. 


American. 






Lli. 




28 


27 


0.24 




19 


18 


0.42 




19 


18 


0.56 




14 


14 


0.85 




14 


14 


1. 12 


I 


II 


Hi 


1.67 


\\ 


II 


Hi 


2.24 


\\ 


II 


Hi 


2.68 


'» 


II 


Hi 


3.61 


2i I 


7.2 


8 


5.74 
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; second evil is the introduction to the mine of a number of un- 

1 necessary sixes of piping, each requiring a separate stock of litlings and 

[ attachments ; the more remote the mine, the greater ihis inconvenience is 

I felt. Such piping is seldom ordered from choice, the real offender being 

I the manufacturer of machinery supplied from stock, and in many cases, 

I- especially with pumps, the machines are intended for mining work. When 

I these si^es are once introduced to a mine, they remain until the plant 

I requiring them is worn out or discarded. There is no weighty reason for 

, apump being lilted with a i:J-in. steam or ij-in. exhaust pipe; such sizes 

t as ^, i|, ij, 2J and even ij and aj in. could very well be dispensed 

There would be a great saving in ihe stock of fittings required, not 

intion the screwing gear, if only i, a, 3, and 4 in. pipe were allowed 

on the mine. It might occasionally happen that a pipe would be a Iri^e 

larger than ihe work necessitated, but this would usually be an error in the 

right direction. 

In joining together lengths of screwed piping, the cleanness of the screw 

threads is an essential feature. Whether the lengths are new or have been 

I used before, it is advisable lo tun an old pair of dies over their screwed 

ends lo ensure a clean thread. The coupling should be removed, it is not 

I necessarily pressure tight because tightly fixed lo the pipe, and a lap be 

1 at each end sufficiently lo clear oul the screwed part ; even new 

pipes are generally damaged and battered at the ends by the lime ihey 

are delivered. A little time s])ent in ensuring the fit of the screwed parts 

I will be amply compensated in the s[Teed with which they can afterwards 

be connected. The pipe should be a fair fit in the coupling all the way 

in, not merely be light for the last two threads when the shoulder is 

I reached, as such joints always woric slack with expansion and contraction. 

[ Another necessary precaution is to clean the bore of the pipes, since any 

I sand or grit is eventually carried into the motors, and cuts and otherwise 

F damages ihe valve gear. In one case three miles of piping had to be 

I almost enlirely rclaid ; inside were found sticks, rojK's, chain.s, oxen yokes, 

n sacks, and various other rubbish that had accumulated during trans- 

i port. The pumps had been endeavouring for three weeks lo force water 

through these obstructions. 

If any jointing maieriat is used on the screwed surfaces, it should be 
placed in the coupling for internal pressures, and on the pipes for external, 
'hitc lead mixed with oil to a thin paint answers very well for permanent 
;, plain linseed oil for air pi|)es or temporary work. Red lead paste, 
ich as is used for flanged joints, is not suitable for pipe work. If placed 
nlhe pipe threads it comes off as the pipe is screwed in, and if applied to 
e interior of the coupling it is compressed into a projecting collar which 
les the area of ihc pipe, increases the friction, and is liable lo 
with vibration and be carried into the motors, 
olacing pipe lines in vertical shafts, the easiest method is to 
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fasten the rope to the lowest pipe and add the others at surface as the 
rope is lowered. In this way several hundred feet can be placed in 
]>osition in an hour or two. The completed line will require staying 
every 40 or 50 ft. ; in long lengths the weights also must be taken up at 
intervals. This is not an easy matter when the pipe contains steam and 
is subject to expansion ; the simplest plan is to provide long springy 
bearers, reaching right across the compartment, and to tighten the clamps 
on the pipes while heated by the steam. Should the expansion be greater 
than the spring of the bearers can provide for, the pipes must be sup- 
ported by springs. Expansion joints are not required, as the pipe is 
seldom rigidly connected at both ends. 

In screwing together hydraulic pipes, not only must the threads be 
perfectly clean, but the screwing continued until the coupling feels dis- 
tinctly warm to the hand. 

Flanged joints are generally preferred for pi^x^s exceeding 4 in. in 
diameter ; the flanges may be fixed or loose, the latter, with a recess to 
hold the joint ring, being suitable for all purposes but long vertical lines. 
In laying pipes horizontally, it is necessary to retain the joint ring in 
position until held by the flanges. This is done by a few pellets of red 
lead, or a turn of string passed through the bolt holes. The opposing 
flanges should meet evenly, bolts will pull them together even if the line of 
pipe is considerably deflected, but a sound joint seldom results. 

When deviation from the general direction is required, it is safest to 
make the joints first, and ease the pipe around afterwards, in the same way 
that straight rails can be brought around a curve of sufficient radius. 

Steam Pipes. — Although the velocity with which steam at ordinary 
working pressures issues is about 800 ft. a second, when required for 
power purposes the sjxied should not exceed a tenth of this rate, or from 
80 to 100 ft. a second. The condensation of steam in naked pipes is 
known to be considerable, yet how often the work of pipe laying is re- 
garded as complete when once the connection is made, the covering with 
non-conducting composition being deferred for that opportunity that never 
arrives, in the hope that the loss is not so serious as it is stated to be. 
There is some justification for this hope when no figures as to the actual 
loss incurred are available ; but carefully made tests show that under 
ordinary working conditions 10 ft. of naked steam pipe may mean an in- 
creased consumption of over 5 tons of coal a year. The loss incurred 
in hundreds of feet of such pipe is obvious, to say nothing of the extra 
wear on the internal parts of motors, due to condensed water and wet 
steam. 

In 1,100 ft. of 7 J-in. steam pipe connecting with an underground winding 
engine, the condensation was found to be 748 lbs. per hour, or equal to 
over a ton of coal a day, despite the fact that owing to diflerence in altitude 
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the pressure was i lb. higher at the engines than at surface— showing plainly 
that increase of pressure, when accompanied by decrease of temperature 
and volume, is no gain in the energy available. 

In vertical shafts one of the best means of protecting the pipe against 
radiation is to enclose it within another, the latter being two or three 
inches greater in diameter. If the inner pipe is kept central at intervals 
and the annular space between the two pipes plugged at the top and 
bottom of the line, the dead air enclosed forms an excellent protection, 
while the outer pipe keeps the inner dry. Pipes laid horizontally are 
surrounded with any non-conducting material — felt, wool, hair, charcoal, 
and sawdust are all suitable ; one of the simplest methods being to embed 
the pipe in a box launder filled with sawdust. For high pressures and 
superheated steam a substance that will not char is recjuired ; asbestos 
preparations and mineral wool answer the purpose. Should none of these 
things be at hand old ropes, straw, grass, clay, and even mud, are better 
than nothing. Under roof these rough coverings may be bound around 
with canvas, and further protected by coats of tar should the pipe extend 
beyond the roof. 

The following table gives the weight of steam that may be passed at 
various pressures through pipes two hundred and forty times as long as 
their bore, with a loss not exceeding i lb. of effective pressure. 



Gauge 
Pressure. 


i-in. I'ipe. 


2-in. Pipe. 


3-in. Pipe. 


i 

4-in. Pipe. 

1 

1 


5-in. Pipe. 


6-in. Pipe. 


Lbs. pel 






sq. in. 


Steam lbs. 


Steam lbs. 


Steam lb<i. 


Steam lbs. 


Steam lbs. 


Steam lbs. 


50 


4.0 


20.0 


49.0 


91 


150 


226 


60 


4.3 1 


21.0 


530 


97 


j6i 


241 


70 


4-5 


22.6 


56.0 


' 103 


170 


256 


80 


4.8 


24.0 


59.0 


108 


180 


269 


90 


50 


25.0 


61.6 


H3 


187 


281 


100 


5-25 


26.0 


64.0 


118 


195 


293 


120 


5.5 


27.8 


69.0 


127 


210 


3>4 


'50 


6.0 1 


30.0 


75.0 


138 


228 
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Water Pipes. — The friction of a fluid passing through a pipe varies 
with the length of the pipe, and as the square of the diameter ; the velocity 
of the flow is due to pressure, and in case of the delivery of water under a 
constant head is found by multiplying by eight the square root of the head 
in feet. An increased delivery may be obtained either by increasing the 
pressure under which the water flows, or by retaining the same pressure 
and enlarging the bore of the pipe. Under equal heads the delivery of 
two pipes varies as the squares of their diameters, and doubling the 
diameter will increase the capacity four times. Practically the increase is 
greater, as friction is highest in contracted passages where the velocity is 
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necessarily augmented, and especially when these passages divert Vhe 
direction of the flow, as is the case with tees, sharp elbows, and valves. 
Whether the pipe be the delivery main of a pump, or used for power pur- 
poses, the velocity of the water should not be higher ihan 360 ft. a minute, 
and when possible it should be limited to 240 ft., or 4 ft. a second. A 
pipe line of any diameter and length will pass a constant quantity of fluid 
under a given head ; and a line of smaller diameter will require a greater 
head to produce the same result. The diflerence is an expenditure of 
power in overcoming friction, and may either cause increased load on the 
pump, or decreased power from the motor. 

The following table gives the number of cubic feet of water per minute 
that may be passed through 100 ft. of pipe at varying speeds, and the loss 
in pressure incurred or increased pressure required. 



Bore 

of 

Pipe. 



Inches. 



8 
10 
12 

14 

16 

18 



Velocity of Water in Feet per Second. 



Cub. ft. per min. 
Ijnss of head, feet 

Cub. ft. per min. 
Lo.ss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. .ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 



10.5 
0.47 

23s 
0.29 

41.9 
0.29 

65.4 
0.16 

94.0 
0.13 

128.0 
0.12 

167.0 
0.1 

212.0 
0.08 



2h 



13.0 
0.73 

29.4 
0.45 

52.1 
0.32 

81.8 
0.25 

1 18.0 
0.21 

160.0 
0.17 

209.0 
0.15 

265.0 
0.13 



15-7 
i.o 

35-3 
0.65 

62.3 
0.47 

98.2 
0-37 

141. o 
0-3 

192.0 
0.25 

251.0 
0.22 

318.0 
0.19 



3h 



18.3 
1.4 

41.2 
0.88 



73-0 
0.64 

1 1 5.0 

164.0 
0.41 

224.0 
0.34 



4i 



20.9 
1.8 



47.1 
1. 16 

83.7 
0.84 



53.0 
1.47 



58.9 
1.8 



5i 



70.7 
2.6 



93.3 105.0 125.0 
1.0 1.32 1.9 



131. o 147.0 163.0 196.0 
0.65 0.83 1.0 1.47 

188.0 21 1.0 235.0 1283.0 

0.54 0.68 0.82 , 1.2 

I 

256.0 288.0 ' 321.0 385.0 
0.44 ' 0.56 0.7 : 1.0 



2930 ■ 3350 377-0 4"9-o 502.0 
0-3 0-39 0-49 o-6i 0.88 



371.0 424.0 
0.26 0.34 



477-0 5300 636.0 
0.44 0.54 0.78 



Pump mains are often suspended, or lifted in long lengths, and the 
flanges must be of extra strength to stand this tensile strain ; cast iron is 
still largely used in their construction, though wrought iron or steel make 
a lighter pipe, and save in cost of transport. This reduction in weight 
must not be carried to excess, as a flimsy pipe is unable to stand the 
vibration caused by the pulsating flow of water. 
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Air Pipes. — Pipes for conveying air under pressure require siwcial 
care in laying, and the use of high-class fittings to avoid leakage. The 
threads of screwed pipes should be thoroughly cleaned and wiped over 
with linseed oil ; rubber rings for flanged joints may he soaked in hot water 
to soften iheni before screwing up the joint. The completed main, if 
pumped up and shut off, should hold ils pressure until next day ; should it 
not do so, the leaks must be found, as they never stop themselves by 
rusting up, as steam leaks often do. Locating numerous small leaks is as 
wearisome a task as can be undertaken, each leak may be inaudible, and 
invisible to the unaided eye ; every joint must be tested by painting it 
around with soapsuds, and leaky ones tightened or caulked. When this 
test fails the line may be tested in the same way as a bicycle lube is tried, 
by immersing each joint in water ; this can be done by lying canvas 
around the joint, filling with water, and looking for bubbles. 

The worst leaks are usually in the connections of the hoses, and in the 
small temporary pipe laid as the work proceeds and headings advance. 
In laying out the main means must be provided at the lower end, and also 
in any depressions occurring in horizontal lengths, for draining the water 
that accumulates ; while pipes conveying reheated air need as careful 
protection against radiation as those carrying steam. 

Power Supply. — I'ipe lines conveying water for power purposes are 
seldom of the same diameter throughout. The pressure varies from 
nothing to maximum, and a smaller area is sufficient under the greater 
pressure ; this difference in diameter permits nesting for shipment. The 
pipes are made of steel sheets, rolled to shape and riveted, each plate 
making one complete section; the sections are united to form pipes of 
such lengths as can conveniently be handled, the thickness of the sheets 
being increased towards the lower end of the pipe line, where the pressure 
is highest. 

English-made pipes are generally thicker and heavier than those made 
in America for equal pressure : in the latter country sheet steel ^V '"■ 
thick is used in ii-in. pipes for pressure of 215 lbs., while a 30-in. pipe 
with a working pressure of 300 lbs. per square inch is made j/l, in. thick. 

Double riveting secures the longitudinal seams when the pressure is 
higher than 100 lbs. ; rivets of I in. diameter and less may be headed cold, 
but hot riveting is preferable and less likely to crystallise the head of the 
rivet. Caulking is of little use when the sheeU are J in. or less 
in thickness, and as the riveted joint is never quite tight, all pipe 
jin es leak at first ; but the leakage ceases when the (low of water has 
IhII^^ through the line a few toads of sawdust, shredded moss, or 

itection against corrosion, and also to prevent leakage, each 
e is dipped in a bath of melted asphaltum. The bath may be 
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thinned by the addition of mineral oil, but a thick mixture is most eflfective 
in stopping leakage. The secret of obtaining a smooth coating is to allow 
each pipe to remain in the bath until heated to the same temperature as 
the mixture. The pipes need not necessarily be totally immersed, but may 
be turned at intervals in the bath until equally heated all over. 

When the line is laid on easy curves permitting expansion and con- 
traction, the completed pipes, when 18 in. or more in diameter, may be 
riveted together into one continuous length, but it is more usual to have 
some form of joint every 20 or 25 ft. 

Spigot and faucet joints, if well made and caulked with lead, may be 
relied on for pressures of 250 lbs. The interior of the joint is first tightly 
packed with rope yarn, leaving an inch near the mouth to receive the lead. 
After running up the lead must be well caulked. In making this form of 
joint on pipes of 18 in. or more in bore, the clay luting may be unable to 
stand the pressure of the lead. In this case the joint may be run in sections, 
commencing at the lowest part, or a clamp may be fastened around the 
pipe to support the clay. 

A simple form of joint consists in turning each end of the pipe outwards, 
so that it is slightly bell-mouthed, a loose collar is then slipped over the 
joint and caulked with lead ; or caulking may be dispensed with, and two 
glands arranged to compress elastic packing in the space between the collar 
and the pipes. 

The pipes may also be joined by driving the end of one within the 
other, tamping in a ring of rope yarn, and hammering down the rim of the 
outer pipe. Flanges of ordinary angle iron riveted to the ends of the 
pipes, and screwed up with rubber rings intervening, will stand pressure 
of over 200 lbs., provided the bolts are pitched closely. For conveying 
water when the pressure is inconsiderable, spigot and faucet joints may be 
caulked with rope yarn only, or filled up with Portland cement. 

All caulked joints are liable to draw with the expansion and contraction 
of the pipes. This trouble may not arise if the line is constantly full of 
water, but if liable to be empty at times the line should be covered over, 
or buried in a ditch. When laid on the surface of the ground, the outside 
of all horizontal curves must be well banked up or anchored back, as, like 
the bent tube of the pressure gauge, the line endeavours to straighten itself 
when under pressure. 

At the highest point of vertical bends escape valves are required to 
allow trapped air to pass out, and a sluice valve is placed at any consider- 
able depression for clearing out stones or gravel that may be carried into 
the pipe. 

A safety valve is often placed near the nozzle to protect the line from 
the shocks caused by sudden stoppage of the flow. The inertia of the 
moving water is considerable, and if the nozzle is choked, or the valve 
suddenly closed, very high pressures result. When the head of water is 
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noi very greal, the safely valve may be replaced by a stand pipe. Pipe 
lines made of ihin sheets may be sufficiently strong for the bursting strain, 
but be unalile to stand (he external pressure caused if the gale at the intake 
lie closet! while the nozzle is still flowing. The line may be protected in 
this respect by spring-controlled safety valves opening inwards, at least one 
of ihem being near the intake. This precaution is hardly necessary in 
pipes of English manufacture, on account of the greater mai^in of strength. 

Flanged Joints. ^ — The thickness of the material used in making a 
joint depends on the accuracy of the facing, the ihickness of the flanges, 
and the i^pacing of the bolts. The thinner the material the less the burst- 
ing strain on it and the Ijetter the joint. }!ut thin substances can only be 
used when the flanges are accurately faced and the bolls pitched sufficiently 
close to prevent any spring between them. The most perfect form of joint 
is the meeting of two scraped or ground surfaces, which come into actual 
metallic contact without any intervening material. Such joints may be 
found in the cones of union pieces, the valve chests of some rock drills, in 
locomotive and other high-class work, but iheir cost prevents their 
general use. 

For well-faced flanges, such as the covers of cylinders and valve chests, 
a ring of brown or cartridge paper soaked in boiled linseed oil makes a 
reliable joint, and one easily cleaned off when the cover is removed. 
Corrugated metal rings answer the purpose admirably for sieam connections 
and boiler mountings. J^ad and copper wire are also suitable, or rings 
may be cut from asbestos sheet, but they should be damped before being 
screwed up. A copper ring lapped with asbestos will stand the highest 
superheated steam tern j^eratu res. 

Flat rings of rubber and insertion material are suitable for water and 
air connections, but become hard and brittle if exposed to high temperatures. 
If each face of the ring is rubbed with chalk or charcoal the same ring may 
be used several times, a convenience in joints that have to be frequently 
renewed. In dealing with high pressures the flat ring receives insufficient 
support from the flanges, and may be blown out unless held in a recess. 
It may then be used for pressures up to 800 and 1,000 lbs. with safely. 

If leather rings are used care must be taken that they are well soaked 
before the joint is made, and thai they are of uniform thickness throughout. 

An increa.sed thickness of material i.s required when the flanges are 
unfaced, or when their surfaces are corroded or uneven, and the thicker 
material must have greater strength to stand the bursting strain upon it. 
This is exemplified in the lapped ring in pit-work, originally used when the 
flanges of the pipes were unfaced, The joint material is a strip of blanket- 
ing or coarse flannel bound like a puttee around a central ring of flat iron, 
the ring affording the necessary support and preventing the joint from lieing 
blown out. Owing to the cheapness of machine work, pump joints are 
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always faced at the present time, and a rubber ring is sufficient ; but the 
lapped joint is still lat|;eiy used for doors, as the joint can be made many 
times with the same rin^. 

Formerly not even steam joints were always faced, and old Cornish 
pumping engines are still working in which the joint between the cylinder 
and valve boxes is i J in. thick, and formed of many layers of sheet lead 
caulked after being screwed up. 

In all Hanged joints the opposing faces should meet squarely, and the 
bolts diagonally opposite each other be tightened gradually, screwing with 
even strain on each bolt until the whole joint is tight. The use of 
excessively long spanners should be avoided, as leading to unnecessary and 
even dangerous strain on the bolls, nor should shifting spanners be used, 
as the tool suffers as well as the corners of the nuts. 

All that is required to avoid leakage is a pressure-tight ring between 
the two flanges. This is secured when the jointing material is confined to 
the annular space between the bolt holes and the bore. Nothing is gained 
by extending the material to the edges of the flanges, any more than a valve 
would be made more steam-tight by widening its beat. On the contrarj-, 
there is the additional risk of leakage through the bolt holes, and the pressure 
of the bolts themselves is less efTective, being distributed over a larger area. 

The red lead joint, in spite of its messiness, becomes useful when other 
materials are not at hand, and also for situations exposed to both lire and 
water. The red and white lead, in equal proportions, are first ground 
tc^ether to a smooth paste, sufficient boiled oil being added to make a 
stiff putty. The flanges are wiped over with an oily rag, and afterwards 
with dean waste until almost dry, this being the only state in which the 
lead will adhere properly to the iron. The lead may be spread evenly 
over the flanges to the thickness of one thirty-second of an inch, or may 
be rolled into ropes and laid in one or more rings concentric with the bore. 
In either cases the screwing up must be even and gradual, as the soft 
material is easily squeezed out should the pressure be greater at one point 
than another. 

AH superfluous lead squeezed into the bore should be scraped out, 
as it decreases the area of the passage, interferes with the flow, and, if 
allowed to harden, may be detached and carried into the valve boxes 
of motors. All red lead joints require some time for setting or hardening, 
and pressure should not be applied until some hours after the joint is 
made. When once set it can only be broken by driving fine wedges 
between the flanges, and is not easily removed from the faces of the joint. 
It is therefore suitable for boiler mountingB and other pennanent work, 
and should not be used for joints dflHHHHHf^HBfeS man a 
md doors. the latter O^^^^^^^^^^^^^^fff^ very v 

will rc'iiiirc further I" 
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The rust joint is only used for absolutely permanent work, and is most 
satisfactory when caulked into a groove. It may be employed for spigot 
and faucet joints, for joining the plates of iron tanks, filling between bed- 
plates and cap stones, and other purposes. The cast-iron borings should 
be moistened with water containing about an ounce of sal-ammoniac to the 
quart. This mixture sets quickly and should be made as it is required. 
Powdered sulphur added to the mixture makes it set more slowly. If the 
joint is a large one it is divided into sections by folding wedges, each 
section being caulked in equal layers about half an inch thick. All joints 
made in this way must be kept free from oil, and when the borings have 
once set they can only be removed by chipping. 
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CHAPTER XVI. 

CONSTR UCTION. 

r 'OTicixiiins of Building-i— Moriar — C!omcnl — Kul>l>lc Masonry — Brick Making and 
Ljvin^— Concrete — Asphalt — I<nr)fing — Knof I'ramcs — Paintinf:^. 

PaiXlldatioil& — A good foundation is essential to the stability of every 
-cnirnirt. It supports the weight, prevents unequal subsidence, damage 
iv fnjst. and the undermining effect of water ; the excavation is therefore 
.•amed down below the vegetable mould on the surface. On sloping 
■Touiid die bottom of the trench does not follow the contour but is 
rhnslied in a scries of levels with intermediate steps between. In soft 
^rpiiuid the footings may be extended to twice the width of the wall, and 
3iiditii:nal depth allowed, so that side friction relieves the bottom of a 
:wrtion of the weight. 

gioitar is a mixture of slaked lime and sand, usually one part by 
miosmre of Hme to three and a half of sand. As a coarse mortar for 
bedding large stones, one part of lime may be added to four [larts of 
irravellv sand. There are two kinds of lime, the hydraulic or blue lias, 
which ^ts anywhere, and the ordinary fat lime which does not set under 
water or even in damj) positions. The sand should be clean and sharp 
^j^ned; tailings are generally used, and answer very well. Sea sand 
mgldes a damp wall even when thoroughly washed in fresh water before 
use. The lime and sand must be thoroughly incorporated by turning the 
gigs$ se^'eral times with shovels, better still if mixed in a mortar mill. It 
^lioiild be used when fresh, as by exposure to air the hydrate becomes a 
(j^bonate, or the mortar " sets." 

Cfeinent. — Good cement does not deteriorate with age if kept dry ; 
^^rith mortar, the sand mixed with it must be clean and sharp grained, 
\ water should be added than is necessary to bring the mixture 
"•""^ con.sistency. 

dngest when used alone, its strength being diminished in 
I to the sand added. Thus two parts of sand reduce the 
>d four parts to one-quarter. 
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Cements vary in quality, but in every case the slower the setting the 
stronger will be the result. The best setting is under still water, and 
cemented floors are often flooded with water to the depth of half an inch 
until set. Both stones and bricks should be well soaked in water before 
being laid in cement. 

Casks of ordinary Portland cement hold 5 cub. ft. and weigh 3I cwt., 
or six casks to the ton. 

Rubble Masonry. — In work of this class the weak angles of each 
stone are knocked off*, it is cleaned, wetted, and laid on its broadest side 
on a bed of mortar. The corner stones are roughly dressed and kept a 
course higher than the rest of the work for convenience in fixing the lines. 
Stretchers are those stones laid with their greatest length in the direction 
of the wall, and serve as longitudinal ties. Headers are placed trans- 
versely to bind the face to the body of the wall, or tie the two faces 
together. After the corner stones have been plumbed, the front and back 
faces of the wall are laid to lines stretched from corner to corner, and 
the centre of the course filled in and levelled up with chippings and 
fragments of stone bedded in mortar. With the kind of labour usually 
available, nothing is gained by reducing the width of the wall to less 
than 15 in. On 12-in. walls too much time is spent in cutting and 
trimming stone. In ashlar work the stones used in one course are all 
of the same height, and the upright joints strictly perpendicular. This 
is not necessary in rubble work, though care must be taken that the 
vertical joints in any course do not coincide with those in the course 
below. 

Brickmaking^. — As a rule the dump supplies all the building stone 
required, and plenty of this material is at hand. Still, there may be 
conditions rendering the use of bricks advisable. The clay for the 
purpose should be near at hand, and some care in its selection is necessary 
to ensure a good result. With too sandy a clay the bricks will be weak, 
while too rich a clay leads to shrinkage and distortion in burning. When 
a suitable sandy clay is found it should first be tempered by exposure to 
the weather and then mixed, either by treading or pugging in a mill. The 
ultimate strength of the brick depends largely on the thoroughness of the 
pugging and on the quantity of water added during the process being no 
more than will make a plastic mixture. 

The moulds for hand-made bricks may hold two at a time, each being 
larger than the required size to allow for shrinkage in burning, the length 
of the brick being equal to twice its width plus the thickness of the mortar 
joint to be used (generally one-quarter of an inch). 

Wear is prevented and a more uniform size of brick produced if the 
mould is fitted with a sheet-iron lining. When turned out of the mould 
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the newly-made bricks should not be exposed to the sun, but be allowed 
to dry slowly for a fortnight before being burned. 

The simplest form of kiln is a dome-shaped erection with walls two 
bricks thick. The interior is filled with bricks loosely arranged so that 
the draught from the fire below can play around them. About two days' 
firing will be required for a stack of moderate dimensions holding, say, a 
hundred thousand bricks. The kiln should not be opened until it is cool, 
which will be at least a week after the firing has ceased. The bricks of 
which the outer walls are built may be turned around and again fired on 
a subsequent occasion. They will then serve for ordinary building pur- 
poses, though not equal to those in the interior of the kiln. 

In Bricklaying it is most important that the bricks should be well 
soaked beforehand, otherwise, and especially in hot climates, they absorb 
the moisture from the mortar, causing it to dry too rapidly. In addition 
to keeping the various courses even, all the walls of a building should be 
kept about the same height during construction to ensure even settlement. 
Care must be taken to space the joints by the use of headers and stretchers 
so that a sound bond is obtained. This point requires particular attention 
at corners and where two walls join. A wall 9 in. or one brick thick is 
sufficient for a structure one story high ; in two-story buildings the lower 
is one and a half brick thick. This may be increased to two bricks in 
stores and warehouses where considerable weight may accumulate on the 
upper floor. 

Concrete is a mixture composed of cement or hydraulic lime with 
stones, gravel, and sand. The following proportions by measure are 
generally used : — 



Lime. 


Cement. 


Sand. 


Gravel. 


Broken Stone. 


I 


I 1 


2 


1 

2 


3 


I 


1 

• • • 


2 


4 


• • • 


... 


I ; 


I 


• • • 


5 


... 


I ' 


• • • 


1 

i ••• 


6 


. • • 


I 


..« 


4i 


2i 



The gravel and broken stone must be clean, the component parts 
well mixed in a dry state, wetted with a spray, and turned over at least 
three times. Each stone should then be covered with the mortar, it is 
advisable to let the concrete fall into its position from a height of a few 
feet, as ramming tends to work the cement to the surface, leaving a poor 
mixture below. Artificial stone blocks of anv renui •>«* -M ^h^pt can 
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well covered with grease or soap (a precaution ensuring a clean face to the 
finished block). 

It is an excellent material for engine foundations, and the quantity 
required for any size block may be reduced by building " plums " into the 
heart of the mass. These large stones should be roughly dressed until 
their surfaces are clean, and be well bedded in the concrete, care being 
taken that no hollow spaces are left under or around them. The strain on 
the sides of the mould is severe when building a block large enough for an 
engine foundation. If building in a pit, the mould is strutted at close 
intervals from the banks ; when the structure is above the surface of the 
ground, sloping shores are not always to be relied on, and any spring in 
the planking results in bulges in the finished block. One way of getting 
over the difficulty is by introducing through bolts to hold opposite sides of 
the mould together. These bolts can be greased, and withdrawn when the 
concrete has hardened and before it has thoroughly set. Concrete is the 
easiest of all masonry work, and therefore the most suitable when skilled 
labour is scarce, in fact the only skill demanded is in the making and 
staying of the moulds. 

Asphalt. — An excellent flooring, proof against damp and insects, is 
made by melting in an iron pot loo parts of as|)halt and one of tar; sand 
or stone-breaker screenings may be added if desired in the proportion of 
one to four. The surface to be asphalted must be thoroughly dry, and 
may be covered with stone chippings or screenings. It is divided into 
sections by thin straight-edges, set level and well greased. The tops of 
these straight-edges must stand at the level of the finished floor, and 
will therefore project from ^ to i in. above the surface to be covered. 
They should divide the floor area into sections that can conveniently be 
filled at one melting. The mixture must be smoking hot when poured, 
and worked level, as it cools, by a greased sta fi* passed over the tops of the 
laid strips. After the strips have been withdrawn the grooves can be run 
up with melted asphalt. A floor i in. thick requires 12^ lbs. of asphalt 
per square foot. 

Roofing^. — Galvanised iron is practically the only material used for 
covering roofs. It is generally corrugated, as corrugations add to the 
stiff*ness of the sheet. The following table includes allowance for lap, but 
iron of the same gauge by different makers varies slightly in width and 
covering capacity : — 



Birmingham wire gauge 

Weight in lbs. per sq. yd., approximate 

Square feet covered per ton . 



16 


18 


20 


22 


24 


32 


24 


19 


16 


13 


650 


850 


1. 150 


1,300 


1,550 



26 

II 

1,850 
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Curved roofs for spans up to 25 ft. can [be made by riveting the sheets 
together and stiffening the arch with tie bars at 10 ft. intervals ; but unless 
securely fastened to the building, such roofs have not sufficient weight to 
withstand highwind pressures. 




up to 30 feet 




Fig. 87. — Roof Frames, 

In tropical climates and countries subject to extreme variations of 
temperature the galvanised coating does not sufficiently protect the iron or 
steel plate within ; the whole roof requires painting at intervals, but this 
precaution comes too 1 ^ « '^oti has alrouly started. A rise of one- 
fourth of 1 > -^dom needed if a 
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6-in. lap is given in fastening the sheets; but in positions exposed to 
horizontal rain drift a rise of one-fifth is preferable. 

In building roofs up to 15 ft. wide it is sufficient to incline the principal 
rafters, joint them to the ridge piece, and stiffen them by a tie-piece placed 
one-third of the rise above the wall plates. The purlins are spaced 3 or 
3J ft. apart, so that each sheet of roofing material is supported in the 
middle as well as the ends ; the nails securing the iron to the purlins are, 
of course, passed through the convex part of the corrugations. 

Roofs of more than 15 ft. in width are supported on frames, each frame 
being built separately ; the two principals support the roofing sheets, and 
are connected at their lower ends by the tie-piece. This tie-piece protects 
the walls from the outward pressure of the principals, and is therefore in 
tension ; as also is the king post, which supports the weight of, and pre- 
vents sag in, the tie-piece. This form of frame, known as the " king post 
truss," is used for spans up to 30 ft. ; above this width two queen posts 
take the place of the king post, or the span may be divided into bays and 
wrought-iron bars used for the tensional members. This substitution saves 
much weight in wide spans ; a roof 40 ft. wide, for instance, would 
require a tie-beam at least 14 in. by 9 in., which could safely be replaced 
by a i^-in. iron tie-bar. 

The following sizes are largely in excess of those required to merely 
support the iron sheeting, but will not be found too heavy for high wind 
pressures. The dimensions of the purlins depend on the spacing of the 
main frames, which varies from 6 to 10 ft., 8 ft. being an average. 

Wood Roofs. 



Span in Feet. 


Tie- Beam. 
Inches. 


Principals. 


King Post. 
Inches. 


Struts. 


Purlins. 




1 

Inches. 


Inches. 


Inches. 


12 1 


• • • 


3x4^ 


• • ■ 


... 


2ix2j 


16 


■ ■ • 


3x5 
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24x3 
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7x4 


3x54 


4x5 


3x4 


3 X3 


25 


9x4 


4x54 


4x5 


3x5 


3 X34 


30 


10 X 5 


4x6 


4x6 


3x6 


3 X4 



Iron Roofs. 



span Feet. 


Tie-Rod. 

Inches. 


Kin;; Bolt. 


Inches. 


Inches. 


35 
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40 


ii 
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45 


IS 


Ii 


50 


Ii 


»i 


60 


I* 


If 



Queen Bolts. 



Inches. 
(2) f 
(4) I, 

(4) h i 
(4) I, " 
(6) Ii, I 



Struts, T-Iron. 



xA 



Inches. 
(4) 2i X J 
(4)2 
(4) 2i X A 
(6)3 X 8 
(6) 34 X A 



Rafters, T-Iron. 



Inches. 

3 x^ 
33 X iV 

4 xi 
4 xj 
4i X A 
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Imn is ]ar);oly iisvd in building engine, boiler, and battery houses, and 
will l>e found economical where timber is scarce and masons and carpenters 
bigUly [taid ; the erection is an easy matter, requiring careful supenHsion 
rather than skilled labour. Such buildings are subject ro litite deterioration 
if [Minted at intervals ; thoy are neither inflanmiable. nor liable to be 
dan)aged by insects. The memlters are various sections of H, T, channel, 
and angle iron, the uprights resting on sole plates bedded on concrete, and 
the galvanised sheeting bolted to the horizontal bracing. The ordinary 
design of vertical and horizontal members is not sufficienilv stable against 
wind pnssure-s ; a building only 150 ft. by 30 ft. might easily experience a 
pressure of 40 tons, with wind at only 30 lbs. per st^uare foot : the required 
strength can be obtained by bracing the end bays of each side. In erecting, 
the ixwt holes ate tilled with concrete 10 the level of the s-.>ie pUies ; the two 
etui baxsat each comerofthcbuiidingare then put upwi:h their bracing, and 
will he self-supponing, .\i; intermediate vertical meniK-rs cjn be lined off 
from the end Kt>-s : .inly their l\)ses need N.' lined, ar.y s'.-jihi de«-iation at 
the top lieing reclined by :he wall plites and roof rranies ; ihe latter are gene^ 
rally put tv'^rther or. the giv>unj And hois:«i into jv>>:::cn w::h a guy pole. 

Paintillg.— Com jura:; vely few mines make i:se .-^l pjir; to the extent 
necessan' for the protect iii:i of e\;osexl w.v>i ar.d iror. wor« : i: is r^-^ided 
rather as an orTrfmin: ;han a jv-vtectiorv In trary cises iTi-=:i -^seasoned 
timber is «#evi :r. coastrjci !,■-:■. w.^rk. ar.d :: is :he^. ■.::^;v^;;■^;c^:"y right to 
d«Uy i«i::::rj; :-r s-.-::'.e t: ri'. as S>:h :vii::: an.; ur his:e- ;he decay of 
;;nsejiSi>rwd tirc'ixr. 

Pain; Ov-'-s-sis us;^"! .-:"■>.:;■. .^r .-^rS.--r*i;e oiL tiii i:r,x;-i w::h .itiseed 
iv' arte Tuixfti »" ».s-..-s .\-\-.;r'-^ s'.;Ssrir>.-x* . ;^? ".-,v.vct>.-«s are — six 
jvr:s iV ri« a-'i ,— i ■ ■ -; .-' :vi!;\i .v' :,- ;»i\v jvcx.-.? iV ;=ad and 
c.-kxiT-Lrj; r .i;:i:^ .\ v ■: -■' :-r ir^.tir-e .v c.iir.tr o:' i ;>.x:-\i c< diicfs 
is Jtooosi. t--^ i-iTS ;v v '. :"".*-i; >>r a.-^i:?.v .■ii>; U "-:;;■ .v^ie ;* rinc 
iivti'd :>.c "r>e -ss-.i a> -•- s^hs;-,;-:? ?>•;■ cjsi :: ..'.r?;-^ »i;-v >;.»S, has laoc 
tie ju:».' i.-,-v;^.n; rv"\'. a:'.'. <ix-* :>.■< iiocd the svs? -.f.viv-ivw. Bbcfc 
p»;-; is x =iYr,;Ti; ,~>: A:^:.'i<iK-t A:»d i-£ ; x sau'^ ,pii-innt .■< w^e lewl, 
aS.x.t 5 fwr .-^i^- =ay iw A^icd » jiw K^ b> Ae wsMr. »"rite f 
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Before painting resinous woods the knots must first be stopped to 
prevent them from oozing ; this is done with a mixture of red lead and 
size (thin glue), applied hot, and afterwards rubbed down. After the nail- 
holes have been stopped with putty, the whole surface can be cleaned down 
and a priming coat laid on ; two or three more coats will be recjuired, time 
being allowed for each to dry. When a highly finished surface is desired, 
each coat is rubbed down with fine glass paper, or pumice-stone and water, 
and one or more coats of varnish laid over the last coating of paint. In 
ordinary work i lb. of paint covers 4 superficial yards in the first coat and 
6 yds. in the second ; a gallon covers 50 sq. yds. of woodwork and 70 sq. 
yds. of ironwork. 

In renovating old work the surface must be cleaned with hot water, 
soap, and sand ; if greasy, a coating of whitewash should be given, and 
rubbed off when it has absorbed the grease ; if blistered, the old paint 
must be entirely removed by scraping or scorching, and the surface after- 
wards cleaned down with sandpaper or pumice stone. 

Whitewash. — A useful wash is made by adding slaked lime to the 
water in which rice has been boiled, or the sizing elTcct of the rice-water 
may be obtained by adding gum or weak glue to the wash. Various tints 
can be given to the wash by adding ochre, charred cocoa-nut shells, and 
other substances. 
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CHAPTER XVII. 

TACKLE AND TOOLS. 

Chains — Ropes — I'ulley Blocks — Winches — Sheer L^s — Anchorages— Lifting Head- 
gears and Pumping Rob — Capstans — Workshops — Wood-working Tools — Circular 
Saws — Fitting Shop Tools — Smithy — F'ans and Blowers. 

The cost of erecting machinery and of carrying out construction work 
depends largely on the gear in use, on the blocks, falls, jacks, and winches 
being at hand and in good order. As a rule such tools receive rough 
treatment and little attention, being generally left where last used until 
required on the next occasion ; even in use they are strained unnecessarily 
by being worked under disadvantageous conditions. Through continued 
ill-use and inattention they become less efficient, unreliable, and a possible 
source of danger to those using them. The first step in the right direction 
will be the provision of a tool house or room, in which all portable tools 
are kept, and to which they are returned when the job they were taken out 
for is completed. 

Chains. — The chains in general use have links made from \-\xy, to 
J-in. iron, |-in. being an average size ; they vary in quality, what is known 
as short link crane chain being of higher grade than the ordinary, thus the 
length of the link is an indication of the quality of the chain. The quantity 
required depends on the work in hand ; at least two lengths of 200 ft. each 
are necessary for reeving blocks, two lengths of 100 ft. each for guys, and 
numerous other shorter pieces for slings. The smaller sizes of flexible 
wire rope make good guys, but are not as easily fastened as chain ; one of 
the simplest fastenings for such ropes is to clamp the end to the standing 
part, after taking two or more dead turns around the object to be fastened. 

Chains deteriorate not so much through use as want of attention, 
through being left lying on the ground until next required ; a few minutes 
are well spent in coiling the length on some old planks and arranging a 
rough covering. Once a year the whole length should be drawn through 
a smithy fire, each link being heated to a dull red and annealed by being 
allowed to cool slowly ; an opportunity for careful inspection is thus afforded 
and links that are strained, distorted, elongated, or show flaws, may be 
removed before damage is done. 
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the barrel, divide the result by the diameter of the barrel in inches, the 
quotient is the weight in pounds. 

Thus if four men are at a winch which has handles 15 in. long, the 
barrel being 7 J in. in diameter and making one revolution to twelve of the 
handles, 60 lbs. x 30 in. x 12 revolutions divided by 7 J in. equals 2,880 
lbs., the weight that can be lifted, less allowance for friction. 

The ordinary triangle answers very well for lifting weights that can be 
brought to it, as in unloading transport waggons ; the three poles are 
connected by a cross pin at the top, the same pin serving to suspend the 
shackle to which the upper block is fastened. It is easily erected by 
pulling the foot of one leg towards the other two ; when hoisted, the spread 
of the legs gives it sufficient stability, and guys are not required. 

A pair of sheer legs afford a larger radius of action, as by slacking 
out the guys they can be swung considerably out of the vertical ; this is 
especially the case when blocks and falls are used for the guys, and when the 
pull of the main fall is at right angles to the guys. The upper ends of the 
two poles are lashed together with chain or rope passed first around one 
pole, then around the other, like the figure 8 ; the sharper the angle and 
closer together the feet of the poles, the more direct the strain will be and 
the greater the weight that may be lifted. Height is also a factor in deter- 
mining the strength, short legs of a given size being stronger than long ones ; 
thus a pair of legs 6 in. square and 24 ft. long may be safely loaded to 3 
tons, but the same legs, if only 12 ft. high, would carry double the weight. 
By moving each leg alternately the sheers may be made to command the 
whole length of a building or foundation. 

The falls are secured to anchorage posts, and in dealing with heavy 
weights and lifting lofty structures, such as headgears, the anchorage is ex- 
posed to considerable strain. The trench to receive the post should be at 
least 6 ft. long and be sunk at right angles to the strain, with regard to 
both horizontal and vertical angles ; the depth depends on the ground, 
probably about 5 ft. 

The post is placed in the pit with two battens at the heel of it and 
behind it, and after the lower part of the trench is filled and rammed solid, 
two more battens are placed near the surface, in front of the post, on the 
side nearest the strain ; these also are rammed solid. Such an anchorage 
can only fail if the post or battens break, or if the whole length of the 
trench gives way. 

As illustrating the use of lifting tackle, let it be required to raise the 
two side frames of a timber headgear standing 80 ft. high, and let the lift 
be made from a level plain. A rough measurement of the timber and its 
weight i)er cubic foot show the weight of each side to be 4 tons. Since 
the whole of this weight will not at any time be taken by the tackle, it will 
not be necessary to make any further allowance, but simply provide gear 
strong enough for 4 tons. 
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If the winch to be used is capable of lifting a ton from the barrel there 
must be four turns of falls leading to the weight ; to allow for friction we 
use a double and treble block, which will allow five turns of fall to lead to 
the weight, or even six if a leading block be used. To permit a possible 
pull of I ton, the falls will be fin. chain, or i^-in. diameter rope. The 
winch will be fixed in the centre of the sheer legs, and about no ft. 
distant from the cap piece, on the side nearest the foundations ; a good 
anchorage post will be required close in front of the winch. It is evidently 
useless to pull direct from the winch to the cap ; in order to get a lifting 
effect the pull must be from a point higher than the cap piece. A pair of 
poles are therefore put up about 30 ft. in front of the winch, their tops 
being lashed as in the case of sheer legs. The main chains (two of /,y in. 
each) pass from the anchorage post to the top of these risers, and the 
double sheave block is fastened to them ; the anchorage chains must not 
be secured in any way to the risers, they lie in the fork between the poles, 
and are free to lift out of it when the main frame is hoisted sufficiently high. 
The treble block is now lashed to the cap of the main frame and the fall 
reeved, the last turn passing from the cap to the winch, either by the side 
of or over the riser posts. The feet of the frame to be hoisted must be 
prevented from sliding forward either by anchorage posts in front of them, 
or by being braced to an anchorage behind them. The cap end of the 
frame is then lifted 10 or 12 ft. by jacks or gin pole, and the fore-and-aft 
stays attached to it. The strain may now be taken by the winch ; as the 
cap end lifts, the anchorage chains will also lift out of the riser posts, and 
the pull be direct on the anchorage post and winch. When half-way up 
the winch is placed in single gear, and before the vertical position is 
attained the back stay is tightened up and payed out slowly as the hoisting 
proceeds. 

When the frame is upright and guys taut, the double block is cast off 
from the anchorage chains and made fast to the cap of the second frame ; 
in this way the first frame acts as a riser for the second. As soon as the 
weight of the second side is fairly taken, the guy on that side of the first 
half can be cast off, and will not be in the way of the second half. 

Before lifting either frame, posts are lashed projecting 6 or 8 ft. above 
their tops; to these posts the blocks for lifting the stringers connecting 
the two frames are fastened. 

Fig. 88 shows the tackle used in lifting a 35-ton pumping bob to its 
position 40 ft. above ground level ; with the exception of the " half-pieces " 
used under the lashing chains, all the timber was pitch pine, 12 in. square, 
and rested on the walls of the engine-house. The bob was first hauled by 
two winches uj) an inclined road to the engine-house floor, 12 ft. above 
the ground. Two pairs of three-sheave blocks, with leading blocks, reeved 
with |-in. chain, were then fastened to the pumping nose ; and one pair of 
sheave blocks, also with leaders, reeved with yV-in. chain, to the 




Ce^r over Bob wall Vj \y Qe; r at inner end- \ 

Kjc;. 88. — Aiian^inuiit ufTackli: for liAing j5-lon Pumpini; Bob. 
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gudgeon. One winch at the foot of the inclined road was used to hold 
the bob back and keep its nose clear of the bob wall. 

This arrangement lifted the bob to the position shown in the figure ; 
the tackle was then shifted, as shown by the dotted lines, the three-sheave 
blocks being moved from the nose to the gudgeon, and the four-sheave 
block from the gudgeon to the inner end. When the bob had been well 
raised the fall in the four-sheave block was eased off, and the weight 
gradually transferred to the pair of blocks hanging over the bob wall. 

Capstans. — The ordinary winch is often of insufficient power for 
handling pitwork, since only a limited number of men can work at the 
handles. If arranged with blocks and falls the motion is slower than is 
desirable. For heavy work a steam capstan is used, a double cylinder 
engine being arranged to drive the drum by worm gear ; but the following 
plan answers very well where labour is abundant, it deals with pitwork up 
to 12 in. in diameter, and is useful for lightening ropeways and other 
purposes. 

A sound baulk of timber about 1 1 ft. long is selected, and one end of 
it made round for a length of 3J ft., the size of the rounded part being 
such that it will fit easily inside one of the pipes used for the pump 
column. This is now fixed as an anchorage post in a trench 8 ft. long by 
7 ft. deep ; it is supported on the front and back sides by battens 4 in. 
thick, and the whole trench firmly rammed in layers 6 in thick. An 
ordinary pump " matching," 4 ft. long, is slipped over the round part of 
the post which projects above the ground. To the top flange of this 
matching are bolted the cross arms and the iron plates that help to fasten 
them. The lower part of the matching, where the capstan rope coils, may 
be lagged up to 2 ft. in diameter, with a round table 3J ft. in diameter 
below the lagging to prevent the coils of rope from slipping off. The 
capstan bars will be about 10 ft. long, and the walk raised i ft. above the 
ground, leaving an opening for the rop)e to pass through. 

Workshops. — The extent of the workshops required, and their 
equipment, depend partly on the size of the mine, but chiefly on its 
position. In remote districts the installation must be capable of carrying 
out all necessary repairs, and even when assistance is within reach time is 
often .saved by doing the work on the spot. Some mines are so situated 
that fuel, constructional material, and general supplies are delivered on 
the property to order, while on others, not so fortunately located, the first 
step towards building a house is the selection of the growing timber 
in the forest. Naturally a more complete equipment of machine tools 
is required in the latter case, when the staff has to provide all that 
merchants usually supply. 

Every mine will require a fitting shop, smithy, and carpenters' shop. 
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each of an average size of 50 by 25 ft. ; the saw mill and moulding shed 
are separate structures, and not always needed. 

Machine tools of the same kind vary greatly in price, but as the cost of 
the raw material is about the same in each case, the extra price pays for 
superior accuracy and finish ; such a tool lasts longer, does more work, 
and does it better. It is in the end economical to buy good tools, and 
get them from makers who make a speciality of their manufacture. 
Should there not be sufficient work to employ a man at each machine, 
there should at all events be some one in charge of the shop, and respon- 
sible for the tools in it, to see they are kept clean, in good order, and not 
used by incompetent persons. 

A lathe and a saw bench are generally the first tools installed, others are 
added at intervals, until the shops are capable of doing more than ordinary 
repairs, and undertake the manufacture of light spare parts. With the aid 
of a cupola and steam hammer the accumulation of worn iron and steel 
can be turned to account, and many mines turn out their own shoes, dies, 
tram wheels, rock drills, and many other things which provide useful work 
for spare time. 

The workshops are usually grouped together and occupy a central 
position, the smithy being necessarily near the main shaft. Both fitting 
shop and smithy should be connected to the shaft by a tram line for 
conveying drill bits to be sharpened, trucks, rock drills, and pumps for 
repair. 

A small equipment would comprise a saw bench, lathe, two drilling 
machines, screwing machines for pipes and bolts, a grindstone, and pair of 
emery wheels — these tools, in fact, being almost indispensable on every 
mine. 

Wood-working Tools. Such sawing as is required is usually done 
by circular saws ; they take a wider cut than band saws, and therefore 
waste more lumber. Hut this is not an important point, and the circular 
form is the simplest ; it can be run by men who would be unable to 
handle either a band or a gang saw. 

The saw used should not be larger in diameter than is necessary for the 
cut; the fronts of the teeth are tangential to a circle from one-third to one-half 
the diameter of the saw ; the backs of the teeth should be well supported 
and have no more clearance than a clean cut requires. For hard woods, 
the clearance is about right when a line drawn along the back of the tooth 
touches the point of the next tooth but one. See Fig. 89. Under similar 
conditions a fine-toothed saw takes more power to drive it and makes a 
smoother cut, while a coarse pitch of tooth requires the support of a stiffer 
blade and takes a wider cut. In saws set with the ordinary tool, the setting 
is generally irregular, some teeth project more than others, and the result 
is rough lumber, requiring considerable dressing to work it down to a fair 
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surface. An even set is ensured by an angle block, such as is used for 
bolting work to lathe face plates, two or more edges being bevelled off to 
different angles. Ste Fig. 89. This tool is held against the .saw, and each 
tooth struck with a light hammer about one-third up from the point to the 
root ; in this way, each tooth is set to the bevel planed on the block ; in 
Fig. 89 the middle tooth is in position for selling. 

Saw benches arc useful for cutting lumber to dimensions, and even for 
squaring up logs on which one side has been ad/ed flat, but cannot be 
successfully employed in breaking down round logs; when used on hard 
woods, the feed is altogether too fast and the saws themselves scldum 
stiff enough. 

For dealing with round logs a travclimj, carrnj,!. is re [uired : the log is 
secured to the hi;adstocks by dot,'* and fed forward -it the end of each cut 
by a lever at the end of the carrage This kvcr feeds forward all the 
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l''l<;. 89.— Saw-scllinc Bluck. 



headstocks simultaneously, and works up to an adjustable stop, set for the 
thickness of lumlier required. 

Thus if the stop is set to give a feed of i in., planks of that thickness 
will be cut, provided the lever is moved up to the stop. The mill is 
preferably arranged to receive logs at one end, and deliver the finished 
lumber at the other ; the foundations must be substantial, as the s[)eeds 
are high, and all vibration fatal to good work. 

The saws and feed shafts are carried on a frame, cither of wood or cast 
iron, securely bohed to ihe foundations; the rails on which the carriage 
runs are planed to an inverted V, they must be laid perfectly parallel with 
the saw blade and fastened to timber bearers, these bearers being either 
mounted on sleepers or supported on walls of masonry or concrete. If 
water is not available for sluicing out [he sawdust, a tram line should run 
into the pit, as the accumulation is considerable when much work is done. 
An arrangement of step pulleys provides for varying the rate of feed. 
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according to the depth of the cut, but even the slowest speed is generally 
50 per cent, too fast for dealing with really hard wood. 

Saws of more than 5 J ft. in diameter have not the necessary stiffness; 
for deeper cuts two saws are employed, the smaller of the two being set 
above and slightly in advance of the main saw ; a combination of this 
description is capable of dividing a 4-ft. log in the middle. For all heavy 
work the American pattern saw, with removable teeth, can be recom- 
mended ; as the points of the teeth are widened by swaging to give the 
required clearance, the width of cut taken is slightly more than with the 
ordinary saw ; but if lumber is so scarce that the width of a cut is valuable, 
it is better to discard the circular type and use band saws. On the 
other hand, the diameter of the saw is not being constantly reduced by 
sharpening, and a fresh set of teeth can be put in in far less time than 
would be required to file up an ordinary saw. The blunt teeth can be 
swaged and sharpened at leisure, but they are cheap enough to discard 
after one or two filings. When using any form of circular saw on hard 
wood, it is advisable to let a jet of water, about ^ in. in diameter, play 
on the teeth as they emerge from the cut ; this keeps the points cool 
and the spaces clear. 

When the mine is called on to supply all the dimensioned lumber 
required, a planing and thicknessing machine is a valuable acquisition, 
especially if additional cutter heads are fitted adapting it to moulding and 
grooving work. With a good grindstone and an emery wheel machine the 
wood-working department will be fairly complete ; but unless inserted tooth 
saws are used, a saw-sharpening machine should certainly be added to 
the list. 

The Fitting Shop will require at least two lathes ; both should be 
screw cutting; and have gap beds. The smaller one, about 6-in. centres 
and 6-ft. bed, and fitted with a self-centring chuck, is specially useful in 
rock drill repairs, turning the shanks of drill bits and other small work. 

The larger lathe, about 9 or 10 in. high, should be provided with a 
bed long enough to take a stamp stem between centres, and a clear space 
should be left behind the movable head so that long lengths of shafting 
may be dealt with. The sliding carriage should be of ample area so as to 
hold cylinders that are to be rebored, a form of repair which largely 
increases the life and efficiency of small engines, pumps, and rock drills. 
All machine tools should be placed so that the light is thrown on the work, 
and not intercepted by the body of the operator ; the feet should rest on 
substantial concrete piers. Even a massive bed is easily deflected by 
indifferent supports, and it is essential that the surface be level and free 
from winding ; it may be tested with a spirit-level, and by looking over 
straight-edges placed across the bed at various points. 

The alignment of the mandrel may be tested by applying a straight- 
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edge to a true face plate and checking it by a square placed against the 
edge of the bed. The accuracy of the back centre can be tested by 
squaring and polishing the end of a piece of 2-in. l)ar iron, about 3 ft. long. 
This is held in the chuck, and while revolving, a fine circle is scribed on 
the outstanding end ; the back centre, when brought up, should mark the 
centre of this circle. 

The Shapings Machine should have a stroke of not less than 12 in., 
be fitted with a vice for holding small work and a mandrel for dealing with 
hollow goods. Even when a power shaper is not installed, every mine 
should have one or two hand machines ; these useful little tools have 
strokes of 6 and 8 in., take a cut ^ in. deep, and soon save their cost in 
files and labour. The price varies from J[^(i X.o J[^\2^ and an attachment 
can be fitted for cutting keyways in wheels. 

A Planing^ Machine will only be found in well-established mines ; 
the table having a stroke of 4 to 6 ft., takes work beyond the range of the 
shaper. It is useful in trueing up slide valves and valve chests of engines, 
drills, and pumps, cutting keyways in shafting, and many other purposes. 

Drilling Machines. — One or two ordinary machines, capable of 
boring i^-in. holes, will be required, and also a higher class tool for 
work demanding greater accuracy. A 4-ft. radial drill answers the purpose, 
and may be fitted with a boring bar working through a bushing in the 
table. 

Screwing Machines. — A useful machine for all-round work can be 
obtained, which will screw pipes from i to 4 in. in diameter, and bolts 
from \ in. to 2 in. It is arranged to work either by hand or power ; the 
price is about J[fi<^^ which includes cutting off gear. 

A Grindstone and a pair of emery wheels complete the tool list ; 
the wheels should be arranged for wet grinding, as the dust is detrimental 
to the other machines. Probably a section of the shop will be devoted to 
rock drill repair, and it will be found a great convenience to fit a tank 
containing boiling soda solution, in which the parts of the drills are 
rapidly cleaned. This arrangement saves time and avoids much dirty 
work. Air for testing the machines will be laid on, and a stand fixed on 
which they can be tested. 

Another section of the shop may be arranged as a lock-up store for 
such supplies as are constantly required, such as rock drill spares, pump 
valves, packing, and jointing. It may also serve as a tool room for 
portable gear. 
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The Smithy. — In laying out the smithy the hearths and anvils must 
be conveniently placed with relation to each other, the fires hooded over 
to carry off the smoke, and water laid on for cooling the tuyeres and for 
tempering. It is by no means an economical plan to draw blast from the 
air pressure mains. The fires require volume of air rather than pressure. 
If compressed air is to be used, it is best to direct a small jet into an open 
cone behind the hearth and cause an induced draught. On the whole, a 
fan or blower is preferable ; the former works at a high speed and is con- 
veniently driven from the wood-working machinery shafting, the air being 
led to the smithy either in pipes of ample dimensions or in a brick culvert. 



Fans. 



Diameter. 



Inches. 

13 
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25 
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Revolutions 
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The blower works at a slower rate, but is more positive in its action 
and gives a higher blast pressure. The two vanes are generally made of 
wood, and are liable to swell and stick in damp situations and rainy 
seasons. They are not intended to work in actual contact with each 
other, and when turned slowly by hand should not be tighter at one part 
of the revolution than another. Should the vanes have more clearance 
than is desirable they can be recoated, and melted composition being 
applied to the hollows, not the rounded edges, of the vanes. Before 
coating, the hollows should be scraped clean, and if the vanes are removed 
from the casing, they must be replaced in the same relative positions, 
with the same teeth of the spur wheels in gear. 



Roois' Blowers. 



1 

Number. 

2A 
lA 

I 
2 
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4 


Revolutions u u t> • j 1 Cubic Feet of Air 
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Diameter of ,, .. _.. 
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350 
350 
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380 
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3 

I 

2 
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800 

1,300 
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4»5oo 


5 in- 4 

6 „ ; 6 

7 » >o 

8 „ 18 
10 „ 30 

12 „ i 50 

1 
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Drilling and bolt screwing machines may be placed in the smithy, and 
in the early stages of work a rock drill can be turned into a useful 
little hammer. Should a larger hammer be installed at a later date, it 
should be driven by compressed air, as its intermittent use leads to 
considerable condensation if steam is employed. 

Drill sharpening machines have long passed out of the experimental 
stage, and are worth installing if only six machine drills are used. The 
various makes are alike in principle, the bits being compressed 
between dies, just as drop forgings are, and correct size and shape 
assured. Machine sharpened bits are uniform in gauge, clearance, and 
cutting angle, and will be found to do more work than those sharpened 
by hand. Cross bits can be sharpened as easily as any other form and 
may be used throughout the mine, an arrangement which reduces the 
number of bits required per shift and also the waste of steel. 

The Ajax is one of the simplest of these machines, and consists sub- 
stantially of two modified rock drills, one set horizontally and the other 
vertically, each being provided with suitable heads, anvils, and dies. The 
quantity of air consumed by the machine when fully employed is about 
equal to one ordinary rock drill. From 1,200 to 1,500 bits are sharpened 
in twenty-four hours, though two men with only two weeks' experience 
have turned out as many as 300 in four hours. 
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CHAPTER XVIII. 

DETAILS FOR ESTIMATES, 

lioilers — Water I'ower — Pumpinj; — Hoisting — Air-Compressing — Rock Drills— Ore 
Treating — Gold Extracting — Diamond Drilling — Transport. 

Some outline specifications which had been prepared for insertion in this 
chapter have on second thoughts been omitted, as the engineer whose 
training enables him to fill up the blanks will hardly need such outlines as 
a guide. Instead of attempting to define the details and proportions of 
the machinery, it will, in most cases, be better to state clearly what work 
is to be done, under what conditions the duty is to be performed, and, 
broadly, the means considered most advisable. 

Even in these respects the information from the mine is often less 
complete than it might be, and some details for estimates are here offered 
as an aid in avoiding these omissions. The various points on which 
information is required are enumerated, and a glance through the lists 
may bring to mind something momentarily forgotten, saving delay in the 
execution of the order or expense in cabling further particulars. 

The information given should be sufficient to enable the directors to 
call for tenders and place the order without being troubled by the con- 
flicting claims of rival manufacturers ; a provision all the more necessary as 
the board seldom has the assistance of disinterested advice on mechanical 
matters. 
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Boilers. 

1. Type required — vertical, Cornish, Lancashire, tubular, or water-lube. 

2. Evaporative power required ; or, 

3. Description of engines and their indicated horse-power. 

4. Test pressure. Working pressure. 

5. Size of each unit ; or, 

6. Weight conveniently handled in transport. 
,7. Demand for steam, regular or irregular. 

8. Fuel to be used, description, quality, heating value. 
g. Feed water, its purity and temperature. 

10. Average daily temperature. 

11. Attendants, skilled or otherwise. 

12. Smoke stack required, complete with base plate and guys. 

13. Flues or breechings for connecting boilers to stack. 

14. Mountings, fittings, valves, gauges. 

15. Pipe connections for steam, feed, blow-off. 

16. Firing and cleaning tools, hose for cleaning tubes. 

17. Jointing materials. 

18. Non-conducting composition. 

19. Spare firebars, bearers, gauge glasses. Boiler tubes. 

20. Special seating bricks, firebricks, ordinary bricks, lime. 

21. Tackle, boiler carriage, jacks, gear. 

22. Feed pumps, feed heater, superheater. 

23. Tanks, feed filter. 

24. Materials for boiler-house. 

Water Power. 

1. Height of fall, from surface of intake to surface of tail race. 

2. Quantity of water available. 

3. Brake horse-power required, constantly or intermittently. 

4. Is storage of water possible ? to what extent in proportion to the 

quantity used ? 

5. Is economy in the use of water essential ? 

6. The axis on which the wheel revolves to be vertical or horizontal. 

7. Governor required to regulate the speed. 

8. Speed variation permissible. 

9. Direction in which the wheel is to revolve. 

10. Speed at which the driven shafting is to revolve. 

11. Is the space limited in any direction? 

1 2. Piping, bends, valves, gates, screens, air and safety valves. 

13. Contour of ground on which the pipe line is to be laid. 

14. Shafting, belts, ropes, bearings. 

15. Timber for wheel frame, flume, housing. 

16. Building materials, cement, lime bricks. 
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Pumping Engines. 

1. Type — geared, direct, single or double cylinder, compound, condensing. 

2. Approximate quantity of water to be raised per minute. 

3. Any increase to be allowed for in wet seasons. 

4. Height of lift. Allowance for possible increase. 

5. Steam pressure available. 

6. Weight of heaviest piece not to exceed 

7. Distance from engine site to shaft. 

8. Shaft vertical. Angle of inclination with horizon. 

9. Bob. Balance box. Connections to engine and pump rods. 

10. Steam and water connections. 

11. Jointing materials. Tackle for erecting. 

12. Building materials, lime, cement. 

13. Materials for engine-house. 



Direct-Acting Pumps. 

1. Type — simple, compound, duplex. 

2. Double-acting, bucket type ; plunger, or double plunger. 

3. Quantity of water to be raised per minute. 

4. Water, clean, gritty, acid, salt. 

5. Height of lift. 

6. Steam or air pressure. 

7. Distance from pump to boiler. 

8. Position of pump, vertical, or horizontal. 

9. If for sinking purposes, to work suspended. 

10. To condense its exhaust steam. Water cylinder to be fitted with 

renewable liner. 

11. Water valves rubber faced. Packing. Cup rings. 

12. Hose connections for steam, for suction. 

13. Piping for steam, exhaust, suction, delivery. 

14. Foot valve. Strainer. Cut-off valve to column. 

15. Spare valves, springs, packing, leather, hoses. 

16. Gear for sHnging and lowering. 
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Pitwork. 

1. Quantity of water to be raised per minute ; water acid or salt. 

2. Height of lift ; possible increase. 

3. Length of pumping stroke. 

4. Power available. 

5. Shaft vertical or incline ; angle with horizon. 

6. Dimensions and sketch of pumping compartment, showing position of 

main rod, if fixed. 

7. Lowest fixed lift to have a working barrel at the foot of the colunm. 

8. Suction pipes to be straight, or diverted to catchments. 

9. Main rods required, complete. 

10. Catch wings and fittings. 

11. Timber for bearers, guides, rollers, cisterns. 

12. Guide rollers for incline shaft. 

13. Priming pipes to valve boxes. 

14. Sinking lift required complete. 

15. Rods for sinking lift, pin plate, set off. 

16. Spare sinking windbores, clacks, seats, bucket forms, prongs. 

17. Joint rings and bolls. Leather for gearing buckets. Packing. 

18. Capstan rope. 

Hoisting Plant 

1. Type of engine— duplex, compound. 

2. Drums, single or double ; fixed on the shaft, or free. 

3. Gross weight of load. 

4. Winding speed in feet per minute. 

5. Steam pressure available. 

6. Depth of mine ; possible increase. 

7. Dimensions and sketch of winding compartment. 

8. Distance from shaft to engine. 

9. Brakes to be post, or band ; actuated by hand, foot, or steam. 
I o. Reversing gear, hand or steam actuated. 

11. Indicator fixed, or adjustable. 

12. Handles all controlled from one position. 

13. Heaviest piece not to exceed 

14. Headgear, steel, or timber ; height of ore delivery above ground ; anglt: 

of shaft, if inclined. 

1 5. Winding ropes, sheaves, detaching hooks. 

16. Skips, self-dumping; spare ones and parts. 

17. Cages, safety catches, trucks, rails. 

18. Building material*^ ion and house. 
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Air Compressors. 

1. Type — single duplex, compound, Corliss gear, condensing, two-stage. 

2. Motive power to be steam, water, or electricity. 

3. To be driven direct, or by ropes or belts. 

4. Cubic feet of air to be compressed per minute. 

5. Or the number and bore of drills, engines, or pumps to be worked. 

6. Steam pressure available. Air pressure required. 

7. Automatic regulation to be provided. 

8. Altitude above sea level. 

9. Description of air valves to be supplied. 

10. Receiver, fittings, connections. Recording pressure gauge. 

11. Intercooler, reheater, and connections. 

12. Particulars of air mains, length required, number of bends, connecting 

branches, valves, reducers, drain cocks. 

13. Length required of distributing pipe, valves, and cocks. 

14. Water service pipe to cylinder jackets, to drills, to condenser. 

15. Steam connections to boiler. 

16. Limit of weight for transport. 

17. Spare spring rings, bearing brasses, valve springs, buffers. 

18. Building materials for foundations, for house. 

19. Foundation plan. 



Rock Drills. 

1. Number of machines required ; maker ; size ; spare ones. 

2. Nature of rock to be bored, hard, or seamy. 

3. Drill bits to have parallel or taper shanks. 

4. Diameter and depth of average holes. 

5. Number of columns required, their length ; single or double screw. 

6. Number of clamps and arms. 

7. Drill bits, their number, length, and pattern. 

8. Sharpening tools ; sharpening machine. 

9. Hoses, connections, unions, air cocks, sand pumps. 

10. Electric blasting, wires, detonators, battery. 

11. Spare parts — U bolts ; piston rods, rings, and springs ; buffers; ratchets 

and ratchet wheels; twist bars and nuts; feed screws and nuts; 
front and back covers ; cradles ; packing glands ; valves ; tappets 
or rockers ; bolts ; hoses and fittings ; marline ; steel for bits. 



278 GOLD MININC. MACUINKRV. 



Ore Treating. 

1. Stamps; number of heads and \vcij»bt of each. 

2. Framing of iron or wood. Foundation piles to he supplied. 

3. Ore bins. Grizzlies. Automatic feeders. 

4. Belt conveyors. Elevators. 

5. Amalgamating tables, plain surface or silvered. 

6. Stone breaker, belts and shafting for same. 

7. Screens, description and mesh. 

8. Line shafting, battery belts. 

9. Sjxire heads, shoes, dies, cams, cam shafts, stone-breaker jaws, and 

springs. 

10. Clean-up pans, shafting and belts. 

11. Water service pipes, cock.s, pumps. Tank. 

1 2. Buckets ; pans ; scales ; quicksilver ; wash leathers. 

13. Retort. Ingot mould. Amalgam safe. Strong room. 

14. Motive power, allowance for possible extension. Spare wearing parts. 

15. Amalgamating pans. Settlers. Shafting and belts for same. 

16. Spare dies, mullers. 

17. Concentrating machines, shafting, belts. Speed of shaft from which 

the concentrators are to be driven. 

18. Tube mills, shafting and belts for driving ; spare liners, flints. 

19. Filter presses, cloths; hydraulic pumps. 

20. Cyanide vats, daily capacity required. 

21. Duration of treatment. Leaching qualities of ore. 

22. Vats to be of wood, shape. 

23. Tanks for solutions, for washes, and for sump. 

24. Precipitating boxes. 

25. Cyanide, zinc, crucibles, fluxes. 

26. Pumps and piping. 

27. Motive power. Zinc lathe. 

28. Trucks, rails. Incline hoist. Discharge crane. 

29. Materials for houses and construction. 
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Diamond Drilling. 

1. Boring to be done from surface, or underground. 

2. If underground, the space available. 

3. If from surface, the depth of deposit overlying solid rock. 

4. Kind of rock to be bored, hard, seamy. 

5. Maximum depth required to be bored. 

6. Approximate total drilling to be done. 

7. Diameter of core required. 

8. Motive power, steam, air, electricity. 

9. Boiler required, complete, portable. 

10. Pump, water piping. 

11. Portable steel headgear, height. 

12. Drill runners required, able to set crowns. 

Extras Required. 

A complete outfit is supplied with each machine, but extra wearing 
parts are necessary if the drilling is to be done out of the United States. 
Only 200 ft. of drill rods are included with the machine ; the additional 
rods for greater depths must be ordered as extras. 

Casing pipe. Drive pipe. 

Chopping bits. Reamers. 

Drill rods. Blank bits. 

Core barrels. Core lifters. Length of extra core barrels. 

Carbons. Hoisting rope. 

Pipe dies, taps, tongs, cutters. 
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Railway. 

1. Plan and contour of proposed line. 

2. Total length of line and branches. 

3. Nature of traffic. Daily amount in tons. 

4. Approximate weight of heaviest load. 

5. Number of curves, radius of sharpest curves. 

6. Inclination and length of steepest gradients. 

7. Sleepers of wood or steel, pressed or rolled. 

8. Nature of ground and ballast to he used. 

9. Points and crossings, right hand or left. Sidings. 

10. Bridges. VVTOUght-iron culvert pipes. 

1 1 . Platelayers' tools. 

12. Ix)comotives to haul tons ; at speed ; up gradients 

13. Fuel to be 

14. Water tanks. Water service pumps. 

15. Traversing jacks. Spire parts for engine. Spare couplings. 

16. Number of body trucks, platform trucks, timber and lock-up trucks 

1 7. Bodies to be removable to form platform trucks. 

18. Brakes to be fitted to each truck. 

19. Gauge of all rolling stock. 

20. Buffers and drawhooks. 

21. Spare wheels, axles, springs, bearings, couplings. 

22. Building material for stations, for sheds. 
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APPENDIX OF MISCELLANEA. 
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2.69 


10.39 


3.II 


11.76 3.52 


13. II 3.92 


8 


6.51 1.95 


8.07 


2.41 


9.61 


2.8 


II. 12 


3.32 


12.6 


3-77 


14.06 


4.22 


84 


6.93 2.07 


8.6 


2.57 


10.24 


307 


11.86 


3-55 


13.44 


4.02 


15.0 


4.49 


9 


7-35 2.2 


9.12 


2.73 


10.97 


3-25 


12.59 


3.9^ 


14.28 


4.28 


15.95 4.78 


94 


7-77 2.33 


9.65 


2.89 1 


II. 5 3.44 


13.32 


4.2 


15.12 4.53 


16.89 ; 5.06 


lO 


8.19 2.45 


10.17 


304 


12.13 363 


14.06 


4-43 


15.96 4.77 


17.84 5.34 



Alloys. 

Fusible at boiling point. — 8 parts bismuth, 5 of tin, 3 of lead, 
the proportion of bismuth for higher temperatures. 
Brass for bearings. — 4 parts of copper, i of tin. 
Brass, ordinary. — 2 parts of copper, i of zinc. 
Antifriction metal. — 80 copper, 16 tin, 2 antimony, i lead. 
Babbitt metal. — 50 tin, 5 antimony, i copixjr. 



Increase 
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Belting. — The horse-power transmitted by single leather belts equals 
the breadth in inches multiplied by the speed in feet per minute multiplied 
by 70 divided by 33,000. 

I'or double leather belts multiply the above result by 1^. 



B.W.G. 



Birmingham Wire Gauge. 



In. 



B.W.G. 



In. 



I5.W.G. 



In. 



00000 


.500- J 


10 


.137 1 


24 


•25 


0000 


.450 


II 


•125 -i 


25 


.21 


000 


•437 


12 


loy 


26 


.20 


00 


.375 ^ H 


13 


.94 


27 


.18 





•349 


M 


.80 


28 


•15 


I 


•3^2 -vV 


15 


•72 


29 


•13 


2 


.284 


16 


63 - iV. 


30 


12 


3 


.261 


17 


'55 


31 


.10 


4 


.25o = i 


18 


48 


32 


.9 


5 


•239 


19 


.42 1 


33 


.8 


6 


.208 


20 


35 


34 


7 


7 


.^87-fl.. 


21 


33 


35 


5 


8 


. i 66 


22 


29 


3^> 


4 


9 


.158 


23 


28 







Cement for Leather Belts. 

Take 10 parts of sulphate of carbon, i part of oil of turpentine, add 
sufficient guttapercha to make a sticky mixture. See that the 
joint is free from grease, leave under pressure until dry. 

Cement for Rubber Belts. 

By weight 16 parts of guttapercha, 4 of caoutchouc, 2 of pitch, 2 of 
linseed oil, i of shellac ; melt together and apply warm. 

Cement for Steam Work. 

1. Equal parts of red and white lead ground with linseed oil. 

2. 10 parts of white lead ground in oil, 3 of black o.xide of manganese, 

I of litharge. 

3. I part of qu' "Tie that has slaked in a damp place), i part 

of fine S! ''f ground litharge, enough boiled oil to 

make a ?s quickly, docs not keep. 
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Cement, Acid Proof. 

Powdered glass mixed with a concentrated solution of silicate of soda. 



Cement for Handles. 

1. Rosin, 4 parts; beeswax, i part; brick dust, i part. 

2. Rosin, 2 parts : sulphur, i part ; add iron filings or brick dust. 



Cement, Waterproof, for Tanks. 

1. Melted glue, 8 parts: linseed oil, 4 parts; litharge, 2 parts; boil 

together. 

2. (Ground lime, 5 parts ; fine sand, 5 parts ; mix with boiled oil. 

3. Glue, 4 parts ; oxide of iron, i part ; boiled oil, i part. 



Cements, General Purposes. 

1. 5 parts of fish glue, 5 parts of water, add i part of nitric acid 

slowly. 

2. Grated cheese, thoroughly washed in hot water to remove the fat, 

mixed with an equal weight of ground lime. 

3. I part of powdered resin, 10 parts of strong ammonia; allow to 

stand for several days before use. 



Cement, Rust. 

200 lbs. of iron borings or turnings moistened with water containing 
2 lbs. of sal ammoniac and i lb. of sulphur. 
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Circumferences and Areas of Circles. 



Diam. 

1 


Circum- 
ference. 

O.7S54 


Area. 
.0490S 


Diam. 

1 

1 

1 

' I2J 


Circum- 
ference. 

39.27 


1 

Area. 


Diam. 


Circum- 
ference. 

1 


Area. 
2206.1 


i 


122.71 


53 


! 166. s 


.1 
•» 


1.570 


.1963 


, 12^ 


40.05 


127.67 


1 54 


1 169.6 


2290.2 . 


i 


2-356 


.4417 


1 '^ 


40.84 


132.73 


, 55 


1 172.7 


2375.8 


1 I 


3-141 


.7854 


' I3J 


41.62 


137.88 


56 


175.9 


2463.0 


1 n 


3-927 


1.227 


1 I3i 


42.41 


143.13 


' 57 


179.0 


2551.7 


H 


4.712 


1.767 


13S 


43.19 


148.48 , 


, 58 


182.2 


2642.0 


•J 


5-497 


2.405 


, 14 


4398 


153.93 


1 59 


185.3 


2733-9 


2 


6.283 


3. 141 


' 14J 


44.76 


159.48 


1 60 


188.4 


2827.4 


2* 


7.068 


3976 


, I4i 


45-55 


, 165.13 , 


1 61 


191.6 


2922.4 


2j 


7-«54 


4. 90S 


! 14^ 


46.33 


' 170.87 , 


, 62 


1 194.7 


3019.0 


2'i 


8.639 


5.939 


i 15 


47.12 


176.78 ' 


, ^3 


197.9 


3117.2 


3 


9.424 


7.068 


16 


50.26 


201.06 ' 


' 64 


201.0 


3216.9 


3i 


10.21 


8.295 


17 


5340 


226.98 


65 


204.2 


3318.3 


3k 


10.99 


9.621 


18 


56.54 


254.46 , 


66 


207.3 


3421.2 


33 


11.78 


11.044 


19 


59.69 


283.52 1 


67 


210.4 


3525.6 


4 


12.56 


I2.S66 


' 20 


62.83 


314.16 1 


1 68 


1 213.6 


3631.6 


4* 


13.35 


14.186 


21 


65.97 


346.36 


69 


1 216.7 


3739.2 


4i 
4: 


14-13 


15.904 


1 ^^ 


69.11 


380.13 


70 


219.9 


3848.4 


14.92 


17.720 


1 23 


72.25 


415.47 


71 


22^0 


3959. 2 


S 


15.70 


19.635 


1 ^^ 


75.39 


452.39 1 


, 72 


1 226. 1 


4071.5 


SJ 


16.49 


21.647 


' 25 


78.54 


490.87 , 


, 73 


229.3 


4185..^ 


Si 


17.27 ' 


23.758 


26 


81.68 


530.93 


74 


232.4 


4300.8 


si 


18.06 1 


25.967 


i 27 


84.82 


572.55 i 


' 75 


2356 


4417.8 


6 


18.84 


28. 274 


1 28 

1 


87.96 


615.75 1 


1 76 


238.7 


4536.4 


6i 


19.63 


30.679 


29 


91.10 


660.52 


77 


241.9 


4656.6 


64 


20.42 


33.183 


30 


94.24 


706.86 ' 


78 


245.0 


4778.3 


63 


21.20 > 


3.S.784 


31 


97.38 


754.76 ' 


79 


248.1 


4<>oi.6 


7 


21.99 1 


38.484 


32 


100.5 


804.24 1 


80 


251.3 


5026.5 


7* 


22.77 


41.282 


33 


103.6 


855.30 1 


81 


254.4 


51530 


7i 


23.56 


44.178 


34 


106.8 


907.92 


82 


257.6 


5281.0 


73 


24-34 


47-173 


35 


109.9 


962.11 ' 


83 


260.7 


5410.6 


8 


25.13 


50.265 


36 


113.0 


1017.8 i 


84 


263.8 


5541.7 


81 


25.91 1 


53.456 


37 


116.2 


1075.2 , 


85 


267.0 


5674. 5 


8i 


26.70 


56.745 


3^ 


"9.3 


1134.1 


86 


270. 1 1 


5808. S 


83 


27.48 


60.132 


39 


122.5 


1194.5 ' 


87 


273.3 1 


5944.6 


9 


28.27 1 


63.617 


40 


125.6 


1256.6 


88 


276.4 , 


6082.1 


9i 


29.05 1 


67.200 


41 


128.8 


1320.2 1 


89 


279.6 


6221. 1 


94 


29.84 


70.S82 


42 


131.9 


1385-4 , 


90 


282.7 


6361.7 


93 


30.63 


74.662 ' 


43 


135.0 


1452.2 


91 


285.8 


6503.8 


10 


31.41 


78.539 


44 


138.2 


1520.5 ; 


92 


289.0 1 


6647.6 


loj 


32.20 ■ 


82.516 , 


45 


141.3 


1590.4 ■■■ 


93 


292. 1 


6792.9 


lo} 


32.98 ! 


86.590 ' 


46 


144.5 


1661.9 1 


94 


295.3 


6936. 7 


loj 


3^-77 


90.762 


47 


147.6 


1734.9 1 


95 


298.4 1 


70S8.2 


tl 


34.55 


95.033 


48 


150.7 


1809.5 1 


96 


301.5 , 


7238.2 


"1 


35-34 


99.402 1 


! 49 


153.9 


1885.7 


97 


304.7 , 


7389.8 


III 


36.12 


103.86 , 


1 50 


157.0 


1963.5 


98 


307.8 


7542.9 


11 j 


36.91 


108.43 


i 51 


160.2 


2042.8 


99 


311.4 


7697.7 


12 


37.69 


113.09 ' 


1 52 


163-3 


2123.7 i 


100 


314-1 


78539 


I2i 


38.48 


117.85 1 


1 




' 






1 
1 
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Drawing Paper, Sizes of. 





Ins. 




Ins. 


Foolscap 


• n i>y i3i 


Imperial 


. 30 by 22 


Demy 


• 20 „ 15A 


Columbier 


34i » 23^ 


Medium 


22 „ nl 


Atlas 


34 » 26 


Royal . 


• 24 ., 19 


Double Elephant 


40 „ 26J 


Super Royal 


• 27 „ 19 


Anticiuarian . 


53 ,» 31 


Elephant . 


• 28 „ 23 







Earthwork. 

Weight per Cuiuc Foot and Angle with Horizon at which 

THE Material will stand. 







Ll)s. per 




Degrees. 


cul)ic ftK>l. 


Clay, drained ..... 


45 


105 


Rubble . . ... 


45 


100 


Earth, comi)act .... 


50 


125 


Earth, loose ..... 


30 


95 


Gravel ....... 


40 


120 


Shingle ....... 


39 


105 


Sand, dry 


38 


120 


Chalk ... 


— 


146 


Mud 




105 
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Flat Bar Iron. 

VVkight of a Lineal Foot. 



» 


Thickness in I 


nches. 










Lbs. 
.0132 
.0263 

•0395 


1 

Lbs. 
.0263 
.0526 
.0789 


x\ i 


A 8 


Lbs. 
.0921 
.1842 
• 2763 


' 4 

1 

Lbs. 

.1053 
.2105 

.3158 


Lbs. 

.1316 

.2631 

•3947 


, i 

1 — 

Lbs. 

•1579 

' .3158 

•4736 


I 


1 

1 


Lbs. 

•0395 
.0789 

.1184 


Lbs. 
.0526 

•1053 
•1579 


Lljs. 
.0658 
.1316 

•1973 


' Ll>s. 
I .0789 

-1579 
.2368 


Lbs. 
.1842 
.3684 
.5526 


Lbs. 
.2105 f 
.4210 ; 
.6315 


If 


.0526 
.0658 
.0789 
.0921 


•i053 
.1316 

.1579 
.1842 


•1579 

•1973 
.2368 

.2763 


.2105 
.2631 
.3158 
.3684 


.2631 

•3289 

-3947 
.4605 


•3158 

-3947 

-4736 

I .5526 


.3684 
.4605 

.5526 

•6447 


.4210 
•.S263 

•6315 
.7368 


.5263 
.6578 

-7894 
.9210 


.6315 

.7894 

.9473 
f.105 


.7368 
.9210 
1.105 
1.289 


.8420 ' 

1.053 1 
1.263, 

1.474 1 


1 


•1053 
.1184 

.1316 

.1447 


.2105 
.2368 
.2631 
.2894 


•3158 
•3552 
•3947 
•4342 


.4210 
.4736 
•5263 
.5789 


-5263 
-5920 
.6578 
.7236 


-6315 
•7104 

.7894 
.8683 


-7368 
.8289 
.9210 
1.013 


.8420 

-9473 

1-053 
1. 158 


1.053 
1.184 

1.316 

1.447 


1.263 
1.421 

1.579 
1-737 


1.474 
1.658 
1.842 
2.026 


1.684' 
1.895 ! 
2.105 
2.316 




.^579 
.1710 

.1842 
.1973 


.3158 
.3421 

.3684 

.3947 


.4736 

•5131 
.5526 
.5920 


•6315 
.6841 

.7368 
.7894 


.7894 

.855^ 
.9210 

.9867 


-9473 
1.026 

1.105 

1.184 


1.105 
1. 197 
1.289 
1.381 


1.263 
1.368 
1.474 
1-579 


1.579 
1. 710 

1.842 
1973 


1.895 
2.052 
2.210 
2.368 


2.210 
2.394 

2.579 
2.763 


2.526 

2.737 
2.947 
3.158 


I 

l| 
l| 


.210 

.237 
.263 

.289 


.421 

.474 
.526 

.579 


.632 
.710 

.789 
.868 


.842 

•947 

1-053 
1.158 


1-053 
1.184 

1. 316 
1.447 


1.263 
1.421 

1.579 


1.474 
1.658 
1.842 
2.026 


1.684 

1.895 
2.105 

2.316 


2.105 
2.368 
2.631 

2.894 


2.526 
2.842 
3158 
3.473 


2.947 
3.315 
3.684 
4.052 


3.368 

3.789 
4.210 

4.631 


Ifi 
l| 


.316 

.34* 
.368 

•395 


.632 
.684 
•737 
.789 


.947 
1.026 

1.105 

1. 184 


1.263 
1.368 
1-474 
1-579 


1-579 
1.710 

1.842 
1.973 


1.895 

2.052 
2.210 

2.368 


2.210 

2.394 

2.579 
2.763 


2.526 

2.737 
2.947 

3.158 


3.158 
3-421 
3.684 

3-947 


3-789 
4. 105 
4.421 
4736 


4.421 
4.789 

5.157 
5.526 


5-052 
5-473 
5.894 
6.315 


2 

3 


.421 

•447 

.474 
.500 


.842 

.895 

•947 

1. 000 


1.263 
1.342 
1.421 
1.500 


1.684 
1.789 
1.895 
2.000 


2.105 
2.237 
2.368 
2.500 


2.526 

2.(>84 
2.842 
3.000 


2.947 
3.J3' 
3.315 
3500 


3.368 
3-579 

3789 
4.000 


4.210 

4.473 
4.736 
4.999 


5.052 
5.368 
5.684 
5.999 


5.894 
6.262 

6.831 

6.999 


6.736 

7.578 
7'W) 


2A 

2I 


.526 

.553 

.579 
.605 


1053 
1.105 

1. 158 

1. 210 


1.579 
1.658 

1-737 
1.816 


2.105 
2.210 
2.316 
2.421 


2.631 
2.763 
2.894 
3.026 


3.158; 3.684 
3.315 3.8(»8 

3- 473 ' 4- 052 
3.631 1 4.236 


4.210 
4.421 
4.631 

4.842 ; 


5263 
5-526 

5.789 
6.052 


6.315 
6.631 

6.947 

7.262 


7.368 

7736 
8.104 

8.473 


8.420 
8.841 
9.262 
9.683 


^1 


.632 
.684 

.737 
.789 


1.263 
1.368 
1 474 
1.579 


1.895 
2.052 
2.210 
2.368 


2.526 

2.737 
2.947 
3-158 


3-1.S8 
3-421 
3-684 
3-947 


3-789 
4.105 

4.421 
4-736 


4.421 
4.789 

5-157 
5526 


5052 

5-473 
5894 
6.315 


6.315 
6.841 

7.368 
7.894 


7.578 
8.210 
8.841 

9-473 


8.841 

9578 

10.315 
11.051 


10.104 
10.946 
11.788 
12.630 


4 

4i 


.842 

.895 

.947 
1.000 


1.684 
1.789 
1.895 
2.000 


2.526 
2.684 
2.842 
3.000 


3-368 
3.579 

3.789 
4.000 


4.210 

4-473 
4-736 
4.999 


5052 
5-368 
5-684 
5-999 


5894 
6.262 

6.631 

6.999 


6.736 

7- 157 
7.578 

7.999 


8.420 
8.946 

9.473 
9.999 


10. 104 
10.736 1 
11.367 
11.999 


11.788 

12.525 
13. 262 
13.998 


13-472 
14-314 
15.156 
15.998 


5 
si 

5} 
6 


I-053 
1. 105 

1.158 

1. 210 

1.263 


2.105 
2.210 
2.316 
2.421 
2.52b 


3-158 
3-315 
3473 
3^63i 
3.789 


4.210 
4.421 
4.631 
4.842 
5.052 


5263 
5-526 

5789 
6.052 

6. 315 


6.315 
6.631 

6.947 
7.262 

7.578 


7.368 

7.736 
8.104 
8.473 
8.841 


8.420 
8.841 
9.262 

9.683 
10.104 

1 


10.525 
11.051 
11.578 
12.104 
12.630 


12.630 ' 
13.262 

13.893 • 
14.525 , 
15.156 


14-735 
15-472 
16.209 
16.946 
17.682 


16.840 
17.682 
18.524 

19.366 
20.208 



MISCELLANKA. 287 



Girders (Timber), Strength of. 

Hrcadlh in inches mulliplied by the dej)th in inches squared, divided 
by the length of the unsupported spun in feet ; multiply the 
quotient by 3 for Riga fir, by 5 for red pine, by 5 for English 
oak. The answer is in cwts. 



Girders (Rolled Wrought Iron). 

Multiply the area of the bottom flange, including the lower (juarter of 
the web (treat it as tee iron), by six times the depth, divide by 
the unsupported length in feet :" gives breaking weight in tons in 
the centre. Safe load, one-fourth to one-fifth. 



Proportionate Load. Tons. 

Girder embedded at both ends, load concentrated in the centre, 

e()uals ........... X 

Girder supported at botli ends, load distributed, equals . x 

Girder embedded at each end, load distributed, equals ^ 

2 



Girder supported at both ends, load concentrated in the centre, 
equals ........... 

Girder supported at one end only, load distributed, e(|uals . 

Girder supported at one end only, load concentrated at further end 



X 

2 

X 

4 

X 

8 
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Rolled Wrought-Iron Girders. 

Safe Permanent Distributed Load in Cwts. 



Dimensions 
in Inches. 



4 X ijx if 
5x2x2 

4i X 3i >< 3 

7 X2ix2i 



Weight 

per Foot 

in Lbs. 



8 
10 

14 
18 



Span. 



6 Ft. 


8 Ft. 


10 Ft. 


1 

12 Ft. 

1 


16 Ft. 


20 Ft. 


24 Ft. 


a8 Ft. 


45 


34 


27 


' 22 


17 


13 


II 


9 


74 


50 


40 


3S 


25 


20 


>7 


15 


90 


66 


53 


i 44 


1 34 


27 


22 


17 


180 


»35 


118 


94 


72 


56 


44 


34 



Hydraulic Memoranda. 

= 277.27 cub. in. = 10 lbs. = 1.2 gal. (American) = 



= 231 cub. in. = 8.33 lbs. = .83 gal. (Imperial) = 



I gal. (Imperial) 

4.537 litres. 
I gal. (American) 

3.8 litres. 
I cub. ft. fresh water = 62.425 lbs. = .557 cwt. = 6.24 gals. 
I cub. ft. salt water =64.11 lbs. = 6.25 gals. 
I lb. fresh water =27.72 cub. in. = .i gal. (Imperial). 
I ton fresh water =36 cub. ft. 

Pressure in pounds per square inch = vertical head multiplied by .433. 
Pressure in pounds per square inch x 2.31 = vertical head in feet. 
Pounds of water in a pipe . = diameter of pipe in inches squared 

multiplied by the length in yards. 



Efflux of water under pressure in 
tons per hour per square inch 



head in feet multiplied by 20 ; take 
the square root of the product. 



The friction of water in pipes varies as the square of the velocity. 



Assuming an efficiency of 75 per cent, in the motor, 

The Horse-power . . . = cubic feet |)er minute multii<licd by 

fall in feet divided by 706. 

Cubic feet required per H. P. . = H.P. multiplied by 706 divided by 

the fall in feet, 
ill required for H.P. . . = H.P. multiplied by 706 divided by 

number of cubic feet per minute. 
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Iron, Round and Square Bar. 

Weight per Foot. 



Inches Diam. 


Round. 


1 

Square. 


Inches Diam. 


Round. 


Square. 




Lbs. 


Lbs. 




Lbs. 


Lbs. 


i 


0.164 


0.2 


2j 1 


19.84 


25.26 


i 


0.36 


0.47 


2j 


21.7 


27.6 1 


h 


0.65 


0.833 


3 


23.6 


30.07 


1 


1.02 


'•3 


3i 


27.87 


35.25 


1 


1.47 


1.87 


3i 


32.1 


41.0 


1 


2.01 


2.55 


3i 


36.9 


47.0 j 


I 


2.62 


3.34 


4 


42.0 


53-4 


ij 


332 


4.22 


4i 


47.4 


60.32 


'i 


4.09 


5.25 


44 


53-1 


67.06 


■8 


4.96 


6.35 


4^ 


59.2 


7503 


li 


5-9 


7.51 


5 


655 


83.5 


li 


6.9 


8.82 


5i 


72.3 


92.5 


If 


8.03 


10.29 


54 


79.4 


lOI.O 


'i 


9.22 


11.74 


S3 


86.7 


1 10.5 


2 


10.5 


13-36 


6 


94.5 


120.2 


»* 


11.84 


15.08 


64 


III.O 


142.0 


H 


1327 


16.91 


7 


128.0 


164.0 


2i 


14.79 


18.85 


74 


149.0 


188.0 

1 


*4 


16.4 


20.8 


8 


168.0 


214.0 


*8 


18.07 


23. 1 

1 


9 


212.0 


272.0 



The weight of bar iron in pounds per foot of length equals — 

1. The sectional area in inches multiplied by 3.34. 

2. The sectional area in eighths of an inch multiplied by .052. 

Sheet iron weighs 5 lbs. per square foot for each eighth of an inch. 
yV in- thick = 2 J lbs. per foot. 

^ n =5 
i » =10 



»» 



)) 



»i 



»> 
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Metals. 



Aluminium, cast 
Antimony, cast 
Bismuth, cast 
Copper, cast 
„ bars 
Gold . 
Iron, cast 

,, wrought 
Lead 
Mercury 
Platinum 
Silver . 
Steel . 
Tin 
Zinc 



Weieht per 
Cub. Ft. 




Weight 
Cub! In. 


Tensile 

Strength 

per Sq. In. 


Melting 
Point. 


Lbs. 


Tons. 


Fahr. 


.096 


• ■ • 


• • • 


.242 


0.47 


810** 


.3547 


1-45 


495 


.31 


8.4 


1950 


.318 


17.0 


• • • 


.699 


9.1 


2100 


.26 


7.3 


2786 


.28 


22.0 


• • • 


.41 


0.8 


612 


•49 


• • • 


• • • 


.775 


• • • 


3080 


•37 


• • • 


1873 


.288 


50.0 


225s 


.262 


2.0 


442 


.252 

1 


3.3 


736 



Materials, Various. 



Brickwork in Mortar 

Charcoal 

Clay, solid 

Concrete 

Coal, bituminous, loose 

Coal, anthracite 

Earth, solid . 

Gravel . 

Granite . 

Masonry, nibble 

Sand, pit 

Quartz, in position . 

Quartz, broken 

Oil, lubricating 

Oil, Petroleum 

Tallow . 

Air at sea level, at 62* Fahr. 



22 J cub. ft. = I ton 
123 

17 
18 J 

44 
42 
18 
18 

13.5 
16 

22J 

13 
20 

I 

T ton 



»> 
»> 



>» 
a 
>» 
>» 
I) 
» 

99 



1 cub. ft. = 1 00 lbs 
= 18 
= 132 
= 120 

== 51 

= 52-5 
= 120 

= 120 

= 166 

= 140 

= 100 



= 6.23 gals. 58 lbs. 
= 275 gals. 



I cub. ft. = 59 lbs. 
I cub. ft. = .076 lb 
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Mensuration. 

Circle — 

Diameter multiplied by 3. 141 59 equals the circumference. 
Diameter multiplied by .886226 equals side of equal square. 
Diameter multiplied by .7071 equals side of inscribed square. 
Diameter squared and multiplied by .7854 equals the area. 
Length of arc multiplied by half the radius equals area of sector. 

The area of a — 

Circle = Diameter squared multiplied by .7854. 

Parabola . = Two-thirds of the base multiplied by height. 

Ellipse = Transverse and conjugate axes multiplied to- 

gether and multiplied by .7854. 

Triangle . = Half the product of the base multiplied by the 

vertical height. 

Equilateral triangle =The square of one side multiplied by .433. 

Square or Parallelogram = The product of two adjacent sides. 

Sphere . = Diameter squared and multiplied by 3. 141 6. 

The cubic contents of a — 

Cube . . = Height, length, and breadth multiplied together. 

Sphere . = Diameter cubed multiplied by .5236. 

Cylinder or Prism = Area of base multiplied by length. 

Cone . =Area of base multiplied by one-third of the 

height. 
Wedge . . = Area of base multiplied by half the length. 
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Names, Common and Chemical. 



Common. 
Aqua fortis 
Cream of Tartar 
Chalk 

Caustic Potash 
Corrosive Sublimate 
Epsom Salts . 
Galena . 
Glauber's Salts 
Iron Pyrites 
Jewellers' Putty 
Lime 

Lunar Caustic . 
Salt . 

Saltpetre . 
Potash 
Red Lead 
Rust 

Sal Ammoniac . 
Slaked Lime . 
Soda 

Spirits of Salts . 
Sugar of Lead . 
Vermilion 
Vitriol, blue 
Vitriol, green . 
Vitriol, white . 
Vitriol, Oil of . 



Chemical. 

Nitric Acid. 

Bitartrate of Potassium. 
Carbonate of Calcium. 
Hydrate of Potassium. 
Bichloride of Mercury. 
Sulphate of Magnesia. 
Sulphide of Lead. 
Sulphate of Sodium. 
Bi-sulphide of Iron. 
Oxide of Tin. 
Oxide of Calcium. 
Nitrate of Silver. 
Chloride of Sodium. 
Nitrate of Potash. 
Oxide of Potassium. 
Oxide of Lead. 
Oxide of Iron. 
Chloride of Ammonium. 
Calcium Hydrate. 
Oxide of Sodium. 
Hydrochloric Acid. 
Acetate of Lead. 
Sulphide of Mercury. 
Sulphate of Copper. 
Sulphate of Iron. 
Sulphate of Zinc. 
Sulphuric Acid. 
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Pipes. 

Pressure required in Pounds per Square Inch to deliver various 
Quantities of Water through too Feet of Pipe. 









Gallons. 








Bore of 














Pipe. 






1 






1 


Inches. 


4 8 


12 


16 


20 24 


30 


40 


60 

1 






1 
1 


I 


.84 3.16 


7.0 


12.3 19.0 27.0 


390 


• • • 


• • ■ 


li 


.12 0. 5 


1.0 


1.6 


2.6 325 5.25 


9.5 


20.0 


2 


• • ■ 


0.12 


0.27 


0.42 


0.67 0.9 


1-35 


2.3 


4.8 


2i 


• • • 


... 


■ • • 


0.12 0.21 , 0.3 


0.5 


0.78 


1.4 


3 
3 


• • • • • • 

1 


... 


, 1 


0.14 


0.35 


0.7 


Gallons. 


80 100 

i 
i 


I2( 


m 

) 


150 175 

4-0 5.3 


200 

1 


250 


300 


I.I 


1 
1 

1.2 


2.8« 


7.5 


• « • 


• •• 


4 


0.3 


0.5 


1 0.7 




1.0 1.25 


1.8 


2.6 


3.75 


6 


1 

■ • • • • • 


O.I 




0.15 0.2 


0.25 


0.37 


a52 



Pumps. 

Short rule for the displacement of pumps in gallons per foot of stroke- 
Diameter in inches squared and divided by 30. 
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Steel. 

The weight of octagonal steel in pounds per foot equals the diameter 
in eighths of an inch squared, and multiplied by ii, and divided by 250. 

Weight of Bar Steel in Pounds per Foot. 



Diameter. 



Inches. 



Round. 



I 

I 

H 
Ii 

Ii 
ig 

i| 
2 

2i 
24 



Lbs. 
1.044 

1.503 
2.046 

2.673 
3-382 
4.176 

5-053 
6.013 

7.057 
8.185 

9396 
10.69 

13.53 
16.703 




Square. 



Lbs. 

I.IOI 

1.586 

2.158 

2.819 

3568 
4-405 

5-33 

6.343 

7-444 

8.633 

9.92 

11.276 
14.256 
17.618 



L1x». 

1-329 
1. 914 

2.605 

3-403 

4-307 

5-317 

6.433 
7.656 

8.985 
10.421 

11.963 

13.611 

17.227 

21.267 



Solders. 







1 








Component Parts. 




1 
1 


Solders for 










i 


1 

Tin. 

1 


Copper. 


Brass. 


Lead. 


1 1 

Antimony. Bismuth.; Pewter. 


1 
Zinc. 1 

i 


Lead . 


I 


* ■ • 




1 

In ••• ••• «•• 


« • • 


Tin . 




I 








; I 1 4 


• • • 


f > 




I 








2 1 ■«• «•• 1 «•• 


« • • 


Pewter 




2 








I ... 1 2 




• • • 


>» 




2 








I 




• • • 


Brass . 




1 






2 


••• 1 ••• ••■ 




I ' 


Solder, soft . 




2 








K • • ■ ■ « . 




• • • 


,, hard 


1 

• • • 


2 




••• 1 ••• 




I 


Brazing, soft 


2 


■ • • 




• • « M, • • « 




• • • 


,, hard 


> • • ■ 


I 




*•• 1 ■•■ ••• 




I I 


,, very hare 


1, ... 

1 


3 








I 

1 
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Solders, Special. 

Silver Solder. — Three parts silver to one of brass. 

Silver Solder, Hard. — Four parts silver, one part copper. 

Silver Solder for Brazing Steel.— Nineteen parts silver, one part 
copper, two of brass. 



Screw Threads. 

Whitworth Standard Screw Thread — Angle 55 Degrees, Depth 
equal to the pitch, one-sixth rounded off the top and 
Bottom. 



Diameter 


Safe Load 


Threads per 


1 Diameter 


Safe Load 


1 
Threads per 


of Bolt. 


in Lbs. 


Inch. 


of Boll. 
i 


in Lbs. 


Inch. 1 


A 


80 


24 


3»ioo 


1 

1 

9 


i 


170 


20 


I 


4,050 


8 


i\ 


300 


18 


li 


5»ioo 


7 


ji 


450 


16 


• "i 


6,600 


7 


620 


14 


18 


9.550 


6 


i 


810 


12 


•i 


• • « 


6 


ft 


1.450 


II 1 


>« 


• « • 


5 


i 


2,200 


10 


2 


• • • 


4i 
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To hasten Che seasoning of timber, allow the felled tree to lie without 
trimming any of the branches ; the leaves dr.iw a large proportion of the 
sap from the trunk. Trim the tree when the leaves have withered. 



STRKNGrH AND WEIGHT OF TIMBER. 





Weight in ' TtMile 5t« 


gth 


Crashing Weigh. 




Ibj. percuL.d. 


nlbvpersi 




Inlb.^p«r»,.1p. ! 


.\caeia . 


1 

46 


16,000 






Ash ! ! ! 


45 


13,000 




9,000 ' 
8,500 


■ Ikech . 


43 


15,000 




Ceda. . 


i ■*? 


5,000 




S.700 


' Chestnut , 


38 








' Deal . 


43 






sis'so 1 


1 Elm . 




13,000 




10,300 


' Fir . 


31 






6,500 


Ugnum Vila- . 


83 


nisoo 




10,000 


Mahogany . 


50 






8,000 1 


Onk . 


53 






6,400 


I'inc, rc<l 








S.400 


Teak . 


46 


8,000 




12,000 



J 



Water. 
Theoretical Discharge ijnder Pressure. 
The velocity in feet per second is eight limes the square root of the 
head in feet. 

The quantity dischargeiS in gallons per minute is the square root of the 
height, multiplied by the diameter of the opening squared, multiplied 
by 16.3. 

The rainfall in inches multiplied by 3,630 equals millions of gallons 
per acre. 



MISCELLANEA. 



Wheels for Screw-Cutting;. 



i OF Change Wheels for Whitworth's Standarr THRE.4US. 







Mai 


'^rewofi. 


f^.n. 


Main Sere 


■ of] 


perl.. 


M.m Screw of* per In. 1 


Diamtwiof 
Scrt*. 


No. of 









__. 








,■ 
















H. 


S.W. 


s.y. 


s. 


M. S.W 


S.P. 


S. 


" »*"■ M 


"V' 


20 


20 


90 


45 


100 


30 90 


45 


loa 


slr« 


90 


^ 


iS 


JO 


90 


50 




30 80 


40 


90 




90 


i 


i6 




So 


so 




30. So 


45 


90 






80 


A 


'4 




70 


50 




30 70 


45 


90 






.. 70 


i 






Oo 


50 




30 60 


45 


90 






.. j 60 


11 






55 


so 




30 55 


45 


90 


30 




.- ss 


1 




40 


90 


45 




30 50 


45 


90 


20 




- 1 so 


i 


9 


40 


90 


50 




30 ... 




90 


K) 




- 45 




ti 


40 


So 


50 




30 ... 




So 






.. ■ 40 


ll and ll 


7 




70 


5° 




30 1 ... 




70 






■ 35 


\l :: II 


6 
5, 


40 
40 


60 


so 


I^ 


30' ... 
30 , ... 


::: 


60 
so 


ao 


:;■ 




.- 30 
.. as 


'i ., I 


4l 


40 






90 


30 ... 




4S 


40 






■- 45 


M ., =i 




40 






So 


30 ■.. 




40 


40 






., 40 


si „ 3 


3i 


40 






70 


30 ... 




35 


40 




'■■ ^^ 



K. dtn)n(e$ the wheel »n mam 
the screw wheel. Where 
gear M. and S. together. 



el ; S.W. the stud wheel ; S. P. the stud pinion 
no wheels nre shown, any a. 
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PROPORTION OF PARTS, 



Spanners — Rod Bearings — Rod Ends — Link Ends — Forked Ends 

Cranks — Levers. 



(r-£0 



V 



f-f-i 




Spanners. 



Fig. 90. 
A = widthof nut. = ax. 825. 

B = AX.47. E = AX.4. 

C = AX.44. F = AX.225. 

Length of handle A x 9. 
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Rod Bearings. 



Fig. 91. 




A = diameter of bearing. 


F = AX.43 


B — AX.15. 


G = F. 


c = i loss than B. 


L = A. 


i> = A-f-2(:. 


M = A. 


K = AX .4. 
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Rod Ends. 



Fi(;» 92. 

A = diameter of pin. 
B = one- third of A. 
C = A X 2. 



n = A. 

E = A. 




r 



Link Ends. 



Fig. 93. 



A = diameter of pin. 
B = two-thirds of 2A 
c= one -third of a. 



D = A. 

B = two-thirds of B. 

F = half a. 
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r 



r— 




-.-^^^^ 



Forked Ends. 



Fig. 94. 



A = diameter of pin. 


D = A. 


B = half A. 


E = A. 


C = A + i. 


F = half A. 
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— .. ( 



D 



r 



M ' 



<- 
V 




Cranks. Levers. 



A = diameter of pin. 
c = half A. 

I) = A. 

E = one-third of F. 



Fig. 95. 

F= shaft. 

(J = F. 

H = one and a half a. 

K = F and E added together. 
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(o 



i k a 1 



Sct/# 

2 3 



K.-r,i..-r.tT->.i.t.i.i.ii-tiiiMii! ii 



A four stetrnwAfi 
each i iim 




Fig. 96.— Working Drawing of Steam Whistle. 



INDEX. 



AIR compression, 142 
diagram, 145 

— reheating, 146 

— compressors, I ngersoll- Sergeant, 149 
details for estimates, 277 

erecting, 151 

Walker's, 148 

water required for, 151 

— cubic feet reijuired for rock drills, 154 

— delivery at various pressures, rule for, 

152 

— lift, 105 

— mains, 152, 247 

— receivers, 152 

— valves, 147 
Alloys, 281 

Amalgamating tables, 189 
Ampere, 26 
Anchorages, 263 

Angle and tee iron, weight of, 281 
Asphalt flooring, 255 



BALL mills, 196 
Bar iron, flat, weight of, 286 
** Beam " comjx^und feed pump, 117 
Bearings, relining, 200 

— for shafting, 215 
Belting, joints for, 220 

— quarter-turn drive, 218 

— rules for, 220, 282 

— slipping, 220 

— table of, 221 
Belt conveyors, 240 
Belts, 219 

Bedding engine frames, 41 

Birmingham wire gauge, 282 

Blowers, Root's, 271 

Bobs, for pumping, 92 

Boilers, average coal consumption, 6 

— Balx:ock & Wilcox, 63 
tests of, 70 

— Cochran, 51 
table of, 52 

— Cornish, 53 

— details for estimates, 274 

— examination of, 76 
- Lancashire, 53 



Boilers, multitubular, 57 

— overhauling, 77 

— placing in p)sition, 54, 60 

— power of, 6, 51 

— protection when not in use, 76 

— requirements in, 50 

— setting, 53 

— under steam, 79 

— vertical, 50 

— water-tube, 61 

Boring bits for rock drills, 160, 168 
Boreholes, 177 
Brick making, 253 
Bucket leathers, 98, 114 
Building cement, 252 

— engine loadings, 37 

— foundations, 252 

laying out masonry, 34 

— mortar, 252 

— masonry, ashlar, 37 

ru])ble, 253 

Buss table, 206 



CAGES, 137 
Cams, 182 
Capstans, 266 
Cap stones, 37 
Cements, building, 252 

various, 282 

Centrifugal pumps, 116 
table of, 117 

— concentrator, 204 
Chains, 260 

Chimneys, area and height of, 65 

— construction of, 66 

— draught of, 66 

— iron, 67 

erection of, 68 

— table of, 68 

— temperature of escaping gas, 65 
Circles, areas and circumferences of, 284 
Circular saws, 268 

Circuits, electric, 26 
Coal, 69 

Cochran boilers, 51 
Combustion, 5 
Concentrating machines, 204 



INDEX. 
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Concrete, 254 

Condensation in steam pipes, 9, 244 

Conductors, electric, 27 

Converting single engine into duplex, 48 

to tandem, 49 

Corliss valves, setting, 44 
Cranks, proportions of, 302 
Cyanide plant, arrangement, 209 

construction of vats, 209 

equipment, 212 

foundations, 211 

size of vats, 208 



DEAD centres, placing engine on, 43, 
. 47 
Deflection in boreholes, 176 

Diamond drills, 172 

details for estimates, 279 

erecting, 174 

table of, 178 

water recjuired for, 175 

Differential gear for pumping engines, 89 
Direct-acting pumps, 105 

adjustments, 112, 114 

details for estimates, 275 

duplex, 1 10 

Knowles, 1 10 

Niagara, 112 

Tangye, 108 

fixing, 107 

selecting, 106 

Ditches, 14 
Donkey pumps, 117 
Drawing paper, sizes of, 285 
Drill sharpening machines, 272 

— bits, 160 

sharpening and hardening, 168 

Dynamos, 26 

— fixing, 27 

— running, 28 



EARTHWORK, weights of materials, 
285 
Ex:ccntrics, position of, 46 
Electric rock drills, 166 
Electricity, 25 
Elevators, 241 
Engine diagrams, 82 

— erecting, alignment of shaft and 
cylinders, 40 

assembling, 42 

adding a second side, 48 

bedding frames, 41 

jointing up, 48 

lines for, 32, 35 

levelling, 39 

placing engine on centre, 43, 47 

setting lines, 38 

setting valves, 44 



Engines, combined pumping and winding, 
124 

— fuel consumption of various types, 70 

— horse-power of, 85 

— Ilolman's portable winding, 122 

— overhauling, 78 

— periodic testing, 86 

— protection when not in use, 76 

— under steam, 80 

— winding, 120 
Erection of boilers, 54, 60 

— of chimneys, 68 

— of headgears, 263 

— of stamp mills, 186 

FANS, 271 
Feeders, for ore, 190 
Feeding boilers, 74, 79 
Feed water, impurities, 72 
tests for, 74 

— heating, 74 

— purifying, 73, 225 
Fittmg-shop tools, 269 
Flanged jomts, 244, 249 

Flat bar iron, weight of, per foot, 286 
Flumes, 14 

Forked ends, proportions of, 301 
Foundations, bolts, 36, 42 

— materials for, ^^ 

— setting out, 36, 125 
Frue vanner, 204 

Fuel, consumption in various engines, 70 

— tests of, 70, 72 

— value of, 6 

GALVANISED iron, particulars of, 
.255 
Gas engines, 21 

Ciases, table of, composition and calorific 

value, 24 
Girders, rules for, 287 
Grinding ores, 196 
Guides for stamp mills, 183 

HEADGEARS, 138 
— steel, 140 

— erection of, 263 

— lifting, 363 

— 'Strength of, 139 
Hoisting machinery, 120 

details for estimates, 276 

Horse-power of engines, 85 

— of water, 13 
Hydraulic memoranda, 288 

IMPACT wheels, 19 
Inclines, table of, 141 
Indicator diagrams, 82 
showing defects in valve setting, 83, 

84,85 



U 



3o6 

Iron buildings, 258 

— chimnc)s, 67 

— wei|<lu of itiil Ijars, 3S6 
..fBinkrs, j88 

of rcmml, Mjume, and sliue 

ofTceamianuli;, Z8i 



JIGS, 203 



J Ji.im, flain;i;d, 2^4, 241 
Joint, n,M2S' 

— icrfwecl, 243 

— spigot unci faucet, 148 

KIBBLKS, 136 
KnowkVpui.ip, 110 



;, 229 



iking. 97 
IJflinK hoadficars, 363 

li«s, lighl. 235 



M'' 



Magnets, fii^ld, 27 
Managemonl cif inotivt imweis, 76 
Masonrj', 34, 37. 253 
Malerials, weifjtit of, 290 

Mtlals, particulars of, 290 
M'ino-rail lonvuyor, 240 
Murur. ii2 

Motive power, management of. 76 
Multitubular liciik-rs, ovcihauling a 
tubing. 77 



o 



Niagara 
RE fL'cdtT 



l-ctiol 


iiolors. 21 




I'ctrol 


un. as' rii«: 


6S 


IV J 


inls, 243 




— thr 

l'i|)CS. 


ads 242 




- fur 


lir, 247 




— for 




Iwlts, 36. 43 


— for 


l>.WL-r sup 


,ly, 247 


- for 


slcam, 244 




— for 


water, 245 




'isuiii 


(or«ar.T 


ends of pum[is, 113, 




..14 




- dc- 


iil,f..r«il 


mates, 276 


1'luiij; 


rljft r.vJi 


^. '/' 


I'oinls 


for trtin, 1 


it^, J31 


l'o«x-r 


l.«sof. 7 




IYii[>^ 




namplcs, 224 
Fousdclaits, 2()li-J02 



92 

direct -act luB, 89 

directions for working, 91 

geared, S8 

— machinery, details for e; 

"'"'^-kgal" — '''■' 



lalls r..r 
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-acting, 105 
■— donkey, 117 

— fmng, 107 

— overhauling, 119 

— Rieriltt, 101 

■ — rules for displacfiiicnl, 293 

— Taogje, loS 

— tables of, 103, 104, III, 117, II 

L'AKTKK-TUKK beli drive. 



p AILS, 230 
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ing machinery, <lolails for 



Rock drill-, i^\ 
bits for, 160, 



I 'niton wheels, 19 

table of, 21 

'fiutocki, 16 
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Rock -breakers, 191 

Rod bearings, pro|)<>rli»)ns of, 299 

— ends, proportions of, 300 
Rods, main, for pumping, 93 
Rolls. 198 

Roof frames, 256 

Roofing, 255 

Ropes, hemp and manilla, 261 

— wire, 131 

— for power transmission, cotton, 221 
wire, 222 

— shackles and splicing, 134 

— table of, 132 
Ropeways, 237 
Rust joints, 251 



SAWS and saw selling, 26S 
Screens for stamps, table of, 1 82 
Screw-cutting, wheels for, 297 
Screw threads, 295 
Settlers, 194 
Setting lx)ilers, 53 

— valves, Corliss, 44 

of duplex pumps, 115 

slide, 45 

Shackles for wire ropes, 134 
Shafting, rules for, 214 

— setting out, 216 
Shaping machines. 270 
Sheer legs, 263 
Sinking lifts, 97 
Skips, 138 
Sleepers, 229 
Solders, 294 
Sole-plates, 34 

Spanners, proportions of, 298 
Spigot and faucet joints, 248 
Splicing wire rope, 134 
Stamp battery, 187 
framework for, 183 

— mills, 179 
Stamps, feeders, 190 

— framing, 183 

— mortars and screens, 180 

— order of drop, 184 

— duty of, 185 

— pneumatic, 193 

— selection of site, 179 

— spring, 193 

— steam, 192 
Station pumps, 100 
Steam, o 

— heat losses in, 9 

— motors, 10 

— whistle, dimensions of, 303 
Steam pipes, cajxicily of, 245 

— condensation in, 9, 244 
Steel, treatment of, 170 

— weight of bars jx:r foot, 294 
Stokers, mechanical, 70 



TABLK of air compressors, 151 
— of air mains, 154 

— of air supply to rock drills, 154 

— of ball mills, 197 

— of blowers, 271 

— of belting, 221 

— of centrifugal pumps, 117 

— of chimneys, 68 

— of Cornish and Lancashire boilers, 

57. 

— of diamond drills and derricks, 178 

— of donkey pumps, 117, 119 

— of engines of various types, fuel con- 

sumption, 70 

— of Evans's ** straight -line" sinking 

Fumps, III 
fans and blowers, 27 1 

— of fuel consumption, 70 

— of gases, composition and calorific 

value, 24 

— of galvanised iron, 255 

— of inclines, 141 

— of multitubular boilers, 61 

— of Pelton wheels, 21 

— of pipe threads, 242 

— of power transmitted by wire ropes, 

222 

— of ram pumps, 104 

— of Riedler pumps, 103 

— of rock drills, 160 

— - of rock breakers, 192 

— of roof dimensions, 257 

— of ropes, wire, 132 

— of ro|)es, hemp and manilla, 261 

— of stamp screens, 182 

— of station pumps, 104 

— of steam pipes, capacity of, 245 

— of steam, temperature at various pres- 

sures, 8 

— of steel drilling derricks, 1 78 

— of Sullivan diamond drills, 178 

— of tube mills, 198 

— of turbines, 1 7 

— of underground hoists, 123 

— of vertical lx)ilers, 52 

— of water, flow over weirs, 13 

— of water, flow through pipes, 246 

— of wheels for screw-cutting, 297 

— of wire ropes, 132 
Tackle, arrangements of, 263 
Tailings pumps, 116 
Tangye pumps, 108 
Telpherage, 239 

Timber, weight and strength of, 296 
Tram lines, laying, 229 

— rails, 230 

— slee^^ers, 228 

Transmission of power, examples, 224 
Trucks, 233 
Tube mills, 197 
Turbines, 15 

— arrangement of, 17 
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Turbines, l.ible of, 17 
— Jonval, sotting of, 16 
Turntables, 232 



VALVK scllinj^', 44 
— - dcffcls in, 83 
Vanners, 204 
Volt, 26 
Vortex turbines, 18 



WATKK, delivery of, in pifies, 293 
— discharge of, 296 

— ditches and Humes, 14 

— flow over weirs, 13 
through pi|)es, 246 

— gauging, 12 



Water, horse-power, 13 

— supi)ly for diamond drills, 1 75 
for air cooling, 151 

for stamp mills, 189 

Water-power, details for estimates, 274 
Wheels for screw -cutting, 297 
Whistle, steam, dimensions of, 303 
White metal, relining bearings with, 200 
Whitewash, 259 
Winches, 262 
Winding engines, 120 

setting out, 125 

arrangement of, 128 

for deep mines, 130 

— and pumpmg engines, 124 
Wire roj^s, 131 

WiKxl fuel, 71 

Wo<xi- working tools, 267 

Workshops, 266 
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ROCK DRILL SPECIALISTS. 
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ken ol THE MULMAN KOCK DRILL. Also f 



Air Compressors, Pumping and Winding Engines, Stamp Batteries. 
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THE ■•HOLMAN" ROCK DHILL WITH PATENT 5PRAV, 
NOTE. —HOI. 1I*N BROTHERS- ROCK DRILLS. COHPRESSURS, BDILERK, and WINDING 
MACHINERY an iiii<r Hint uied By the Indlaii and Colmilal QaKerdiiicnli. nnd arc loand In 
every ludlng Mining Canp In (he World. . . . Calalogiei on AKpIlutlDfl. 

Teleiraphlc Addreat-" AIROAILU" CAMBORNE. Talaphoni~No, 7 CamboPn«, 

'AIRDRILL." LONDON. ., No. 447 London W»ll. 

CAMBORNE, CORNWALL. 




STANLEY'S MINING THEODOLITE. 




I 



This Theuilulile is a mosl useful f..nii for all iinikTgroimi] work. It is buill very low 
and the teltscope iransits. The venicnl axis k mmle liollow, so that any angle to alxiut lo' 
may be read directly below the vertical. This will be found very useful in Irnnsferring lines 
andei^ound rrom the surface, hy sighting down a shaft, and also for plumbing. The hollow 
centre is supported upon a slidini; fitting, so that it may be displaced i| inches nltoui The 
centre uf the tri|nd and clamped (o its positinn. 

Coile Wonl 
H63. 5-inch Horizontal Circle, in Gun-Metal, with Framed 

Stand .... Price, £36 Archduke 

H64. If with the Horixoatal Axis Illuminated, Lamp, 

Diagonal Eyepiece, Striding Bubble, &c. - Price. £39 Archdeacon 

PRICE LIST POST FREE. 



W. F. STANLEY & CO. Ltd., 



^^^k Corresp 



Sale Rooms— 286 HIGH HOLBORN. 
Cotresponiieiice lo-5 GREAT TURNSTILE, HOLBORN, LONDON, W.C, 

rUHNSTILB,'- LONDON. T*ltphoat-ISa Halbom 



ADVERTISEMENTS. 



"H Grand Journal" 

" An inleresling fact in connEciion with TJu Mining Jaumal is Ihal *ilh Ibe year 1905 
it enters upon the third score and ten years of lis coislence, baving been estabUshed in the year 
1835, While three score years and icn may be tlie span of life allotted to man— his period of 
usefulness drawing al that age to a clos?~it is not so with Tht Mitih/; Journal. Time hu 
wrillcn no wrinkle upon its brow; stronger, brighter, belter than ever, mid of great good to 
mining men all over the world. " — Los Angeka Mining Rrvim, 

®|e IPittitig |ournal 

HHILift£KV HMD COTUtTU^ERdHL GMZETTE. 

46 Queen Victoria Street, E.C. 

Teleptione: Central 4411, Telegram*: "TutworK. Lorwloii." 



THE OLDEST MINING PAPER AND PIONEER OF THE TECHNICAL 
AND TRADE PRESS OF THE WORLD. 



fiaj^awn, Hmoutactnrert, CapHalltit. amf lavtmton. 
4. 4. 4. 4. 4. 4. 4. 4, 4. 4. .1.4.4. + ^ 

Published every Saturday - - price 6d. 

SUBSCRIPT JONS— Inland, XI. «i. per annum. Abroad, £1. S>. per annnm, 
payable la advance. 



PRINTED MATTER FOR AUSTRALIA AMD SOUTH AFRICA. 



Owing to Ihc import duty being demandciJ from adiireastes of all printed mailer and 
catalogues lor advertising purposes entering 

AUSTRALIA* AND SOUTH AFRICA.t 

suth printed mitller sent through the post is seldom received, a.s importeis naturally refuse lo 
pay the amount demanded, honever small ; thu.s a considerable lo'^s is enlojled by the 
senders, both in the amount paid out for postage and also in Ihe cost of production of the 

THIS IS OF VITAL IMPORTANCE TO BRITISH MANUFACTURERS. 

The best way uf overcoming Ihc difliculty is to advertise in UbC AltllllS 30UC>ial, 
which has the widest and most influential eireulation in both Auslialia and South Africa of 
any British mining and mclalluigical paper. 
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WATER POWER. 




DOUBLE VORTEX TURBINE, 450 H.P. 

TURBINES for MINING PURPOSES 

Of VORTEX, KENDAL, LUNEDALE. TRENT, 

aiRARD. and other types, 

with Horizontal and Vertical Siiafts. 



PELTON WHEELS FOR HIGH FALL5. 



Write for Pamphlet "On the Development of Water Power" to 

GILBERT GILKES & CO. Ltd., 




ADVERTISEMENTS. 



COCHRAN BOILERS 




SECTION OF 

Standard Cochran Patent Vertical 
multitubular boiler. 



COCHRAN & CO. (ANNAN) Ltd., 



ANNAN, SCOTLAND. 




AnvERTlSEMENTS, 



MINING MACHINERY 



Grizzleys, Stone Breaker's, Trornmels, Sorting 
Tables, One Feeders, 

STAMP BATTERIES 

(Shoes and Dies of Special Krupp Steel). 




Amalgamating Tables, Hydraulic Classifiers, Con- 
centrating Tables (Ferraris and other Systenisi, Rolls, 

KRUPP BALL MILLS. TUBE MILLS. 

Clean-up Plant, Amalgam Presses, Amalgam Dis- 
tilling and Gold Smelting Furnaces, Retorts, &c. 
Leaching Plant. 

COMPLETE ORE DRESSING PLANT. 

Large Testing Station Tor Ore Treatment at the Works. 



FRIED. KRUPP A.-G. GRU80NWERK 

Magdeburg-Buckau (Germany). 

Represenlaliie for Greiil Britain and Ireland: 

W. STAMM, 26 Cellage Hill, LONDON, E.C. 
' , 
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Joseph Evans & Sons, 

WOLVERHAMPTON, ENGLAND. 

r- PUMPS AND PUMPING MACHINERY 

FOR EVERY PURPOSE. 



We m«ke a SPECIALITY ot SINKIHC PUMPS, also PUMPS lor 
COLD AND OTHEB MINES. 

OUR PUMPS are in use all over the WORLD. 




' PuHpi for Ball DrtvlnB, 



■ *» 



ADVERTISEIIEKTS. 



WALKER BROTHERS (Wigan) Ltd 

ENGINEERS, WIGAN. 

TelegPims; -Pa^efield. Wigan. Tele(>hone . No. 14. 

CodM : A B C, 4th and 5th : Ueber s : Morelng and Nell Mining Cf>da| 

Al Western Union- -Univerval Miolng. 



Patent Air Compressor 



OVER 335,000 HORSE-POWEIft. 




STEAM CYUNSEBS, 33 la 



1 64 in. by fi a. AIR CTLIKBESS. 36 in. and W la. 



Tlie Inspector of Machinery for ihe Kru^crsdorp Disirici, when reportirw 
(r Henrj' iiirchenough, the Special Commissioner appointed by the BoaM 
>aile to inquire into British Trade Prospects in South Africa, writes ; — 

"AIR-COHPRESSORS.— I believe the modern type of Walker (Edv1& 

Compressor to be beyond compare the best, when freedom from stoppH 

mall maintenance charges, long life, are all reckoned in." ^ 

See page 142 of Blua-Bott 

^VENTILATING, WINDING, HAULING, and other Descriptlq 
of Miamg Machioery. 



STknoKcus' H*LL CoDirr, Lohimii. E C. 

Crosby Lock wood & Son's 

catalogue of 
SCIENTIFIC TECHNICAL 

INDUSTRIAL BOOKS 



COLLIER' WORKING. *c, 
AROHITECTUNE « tUILD 
OARPENTHT • TIMBKR . 



MECHANICAL ENGINEERING. ETC. 
THE MECHANICAL HANDLINO OF MATERIAL. 

A TrMliM OD Ihf Hiuidiint of MalcKal Hich u Co.1, Ore. Tmhct. *t, 
by Auiomuic or Semi-Auuwalic Hachincrr, uceiha vilh Dm Vuiou 
AccEHorxi UKd b lb< ManiFolwaa of luch IHuii, wd Dulinl fnllr itilb 
Ok Huldliiil, Slorini. mnd WanhaaKnc o/ Gnia. Br G. f. KlHluH, 
A.M,liut.c£. jiS piiia RoTnl 8vo, deth, wilh ssa lUiaiiuiois ^ladmi 
Folding PUm*) ipma*!!)' tn^ml tor t*M Warli . ,Y« SS/0 



HOI^STINa MACHINERY. 



Incldiliac <ke Ekncnb o^ Cnr 



^-iS 



AERIAL OR WIRE-ROPE TRAMWAYA. 

TheiiCocmTnctiaoindHuiiccmat. BTA.J.W*u.t(-TAVLBt.A.M.lBi 
Wiih Bi lUasntiDiu. Cniwn ««>. clo«h . . . . 



MODERN MILLING MACHINES. 

Tbeii Dpaga, Coniiniclioii. lul Woikinii, / 



>.A.M.IM«h.£., J 



a CSOSBY LOCKWOOD «■ SOtTS CATALOGUE. 

MODERN MACHINE SHOP TOOLS. 

A PrKllcal TtutiiH donibipi in evirv drwil the Connnictiiin, OperaluM 
and UanipDlicien of both Handuul UuJiiiw TcMtt ; bEUiKi work of Pnctical 
InflTaciian In mil Onuct oT Michiiw Sbo)> Pnctkc. includinf; Ctupicn ud 
Fding, FitlinK nod Scraping Surfam -. sn DrilK Ramen. Tape and Diea i 
Ihc Lube and lu ToDli ; PImtHn, St»p>n ud ih«T Tooli ; Millinf MacbifMs 
mhI CuttBi; GcuCnllm >nd C«r Csiiuh: DHIIine Mschins and Drill 
Work; GtindhE Macfaiw and tbcii Work; Hurdcnjnt and TcnpniBE, 
GeariDf, Bellini, and TiwomiHioD Mxhiiwrr: Uuful Dau iuid fabls. 
B)' William H. Vak DBivotmr, SI-F.. Fuanh Edition. ILIuitcaini by 673 
E«|»viii(i. Mediuni Bvo. clixfa JVrl 2 1 /O 

TOOLS FOR ENGINEERS AND WOODWORKERS. 

A Piulkal Truuc indodinc Modem InitrameDCi of Meuurement. Rt 
Joup H Uf A U IBM W E. Auibor f " Fii wn Makin " ftc. 
tkm TO III s6 lUiuinlki «H FiMnkti B O -<' . 



ENQINEERS TURNING T^ PRINCIPLE & PRACTICE. 

A Handbook [or Working En- ' ' ' ■ !■ nis, and Ammeors. 

By Joseph Hanxrit, A.M.I. N[' ' ' <r.,-in MaklnK," &c. 

LargeCr.Bvo.doth.wtlhiNi lil ' ■ j nSdilifrf. IVit 9/0 



THE MECHANICAL ENQINEER'S REFERENCE BOOK. 

r« Uacbioe and Boiler Conilmclion. In Two l>aru. Pm 1. Genbiai. 
XHQinEUNG Data. Phi 11. Boii.ei CoHiTnucriaH. Wiib ;> PLuo una 
Diuneraiu lUutrationt. Bt Nelsoh Foun, M.I.M.A. Second Edilion, 
ReviudibrouihoiiiaiidiniicfaEiiluied. Folio, balf-boond . Ifil £3 3*. 



tof b vd Med to eenpOe lucB 



r^ ^Nw^tit JifVwm. 



MBCBANtCAL BltGIltBERING. At. 
THE WORKS' MANAQBR'S HANDBOOK. 

CdnnnHDC ModcTQ Rulu, TAhls, vid DmU- For EDeincen 
ud Boit« Makoi; Tool Mikcn, Mk£hiiii<u,andMciJw«l( 
Brui Fonnden, &c By W. S. Uutton, Qvil and Mcchjui 
Ambo. of "The Ptic.icil Eiipn«r'> Hindbook." Sbtlh Edi 
Revised, uid Entu^cd. Medium Svo. itronEly bound , 
~ ~ ' ' f havutg compitut RuUi and Data /or kit ot 




PLATINQ AND BOILER JHAKINQ. 

A Pnctio] Hudbook for Warluhop Opentioiu. 
A.H.I.H.E. 3tki pp. wiili 3]l llluioukiDi. CnwD 



t'^.^ 



BOILERMAKER'S ASSISTANT. 



By J- 

Scvcaili 



CROSBY LOCKWOOD 4- SON'S CATALOGUE. 



BOILERMAKER'S READY RECKONER. 

With EzampU-s of Practical Gcometrv and TemuUtiofC for the Use of 
Platers, Smiths, and Riveters. By John Courtney. £dited by D. K. Claks 
M.Inst.C.E. Crown bvo, cloth 4^0 

"A mukt ukcful work. No wurlmun or apprcntic* ibonkl b« wkliout it." — Irmm Trmde 
Cirtular. 

BOILERMAKER'5 READY RECKONER ft ASSISTANT. 

With Ejuunples of Practical GeoaMCry and TempUtins, for tb« Uae of Platan, 
Smiths, and Riveters. By John CoumcsT. Edited by D. K. Clabk. 
M.Inst.C.E. Fifth Edition, 460 pp., with 140 lUastrattoos. Fcap- S^o, half- 
bound T/O 

*«* This Work coni\%t\ or th$ two previous mentionid volunus, ** Boilkkmaksk's 
AssisTA.NT," and "Boilermaker's Ready Reckoner," bound togsthsr in 
Otu Volume. 
" No workman or appcvntk* ibould ba without this book."— Aww TVmIi Cimdmr. 

STEAM BOILERS. 

Their Construction and Management. By R. Armstrong, C.E. Illtistrated. 

Crown Hvo, cloth 1/8 

" a iimm of infoifikituin kuitable for bei^nnerv" — /Vxi^n mm^ It'crk, 

THE PRACTICAL ENGINEER'S HANDBOOK. 

Comprisinc a Treatise on Modern Engines and Boilers, Marine, Looomodve, 
and Stationary. And containinf a large collection of Rnles and Practical 
Data relating to Recent Practice in Designing and Coottnictiiig all lands of 
Engines, BoiTer% and other Engiiteering work. The whole coostitutins a com> 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineerinc. ByWALTBR S. Huttok, 
Civil and Mechanical Eneineer, Author 01 "The Works' Manager's Handbook 
for Engineers," &c. With upwards of 4*0 Illustrations. Sixth Kditioo, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bonnd. 18/0 
89" Thii Work is desif^ned as a companion to tk$ Author's **WoaKS' 
Manaukr's Handbook." It possesses many new and original features, and cot^ 
tains, like its predecessor, a quantity of matter not ortginally intended for publication 
but collected by the A uthor for his own use in the constructton of a great wstiaty of 
Modern Knginkkring Work. 

The informattcn i% given in a condensed and concise form, and is iUustrattd by 
upwards of 430 /Cn^-ruvinvs ; and comprues a quantity of tabulated matter of groat 
value to ail engaged m deiigntng, constructtng, or estimtating for Engines, Boilkrs, 
and OTHVH Knoinkkkim; Work. 



" We have ket>t it M. hand for several weeks, refcninf to It as occaskm aioea, and we ttaw not 
on a ftlim:l« occ^Mon cunwiitetl its p^ges witbcMit finding tttc Information of which we were la 
—Atht*utufn. 

" A thuroughly ({(xxl pract.i.:i liandbook, which no engine er can go thioogh wkliout 
•omethlng that will l>e uf service i*- him.' —Afaniu JsngtHrer. 

" An eiLrllent lKM>k of reiercnce for engineers, and a valuable text-book oc Mudeots of 
•nglneennif. —.tionman. 

" ThiN vrilu^hle in.inual eni)K>dle^ the results and experience of the tending authorities a« 
mechanical en|pii«^nnj{.' — ^m«»'«'»»«jP jSrwi. 

" The author h.1^ collected toy^her a Mirprlslng quantity of rules and practical data, and tk>»s 
shown much jucl|{iiirnt m tliR selections he has made. . . . There Is no doubt that thte book is 
one of the most useful of itf> kmd pubU<ihed. and will be a very popular compendium. '—£M<sM«r» 

" A ma%« u< mfiimiatioii set down m simple language, and in such a form that It can oe easily 
referred tu at any ttnie. The matter i« uniformly ^ood and well chuMm. and Is greatly eluctdaied 
^•y the illustratxjav The Ikm^Ic will hud its way on tu mutt enguieers shelves, where It will rann as 
:,nm vt the iiK»»t useful )N»oks oi reJerence. — Practtcai Jin^uutr. 

" Full of useful Infonnatlun. and should be found on the olhce shelf of all practical engineers." 
~ /■» ;itjh Mti AtfM f . . 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines and Part II. on Heat Enginks. Hj 
T. M. GoooKVK, M..\.. Karrister-at-Law. ProfeiUior of Mechanics at the Royal 
College of Si.lence, London ; Author of " The Principles of Mechanics," " The 
Elements of Mechanism," &c Fourteenth Edition. Crown 8vo, cloth . 6/0 
" Professor (>oo<levr ha« given us a treati>e on the steam engine, which wiQ b«ar compariMM 
with anything written by Huxley or Maxwell, and we can award It no higher praise." — Ism£tfUf . 

" Mr. (^ocxlcve's text-book isi a work of which every young enginter should poueu hiin«elf. 
~-,WttiH£ jtMrnal, 



MBCHAHICAL BNGINBBRtNG. **. 3 

A HANDBOOK ON THE 5TEAM ENOINE. 

Wilb «peiuJ RcfdHiu la Smill iihI Mediui.i-iued Kji(li». For Um U« al 
Bniine Makcri. Mechuiiul Diiugbtiuniu, &n(iiiHrini StndEnti, uut uikk 
of SliEKi PowK. By Heomah Haeuii. C.E. Tiwuriunl (coin tbc Genniin 
wjib uddiiiont uid ■iiciui«i>. by H. H. P. Povlu, A.H.I.C.B. M.C.M.E. 

doih ..'.... JV« 7/6 

"ApMHciaDcvckHwUaoltlwitPHD vwfBB Hnd It* iMjiSi^ BBd 0D« wblcb miu( ufeB ■ par- 
"TMlloa Hidmb^uilibiMld to to ^ livKli ci( Ul ohii if* Innwsd bOi-m- 

THE PORTABLE ENOINE. 

A PnclicmJ HmuuaJ do iti CoDHruction uhI MuufenwnL For tke vm 
of Ownm uvd Uku oT Skud Ene^no BOHnlly- Bjr Wiluah Ut»h 
W«HSBiinuciH. Ctown Sto, doth 3/6 

THE STEAM ENOINE, 

A Trpailae on ihc MatheinaUtil Thrary of, »Hih Biilci and Examples foe 
PractluJMen. liy. T. Baker. C.E. Cro«n Svo, doib . .1/6 

THE STEAM ENGINE. 

Fot tb.^ UK of BeKlonen. By Dr. LAHOHEit. Crown gvo, dolb . 1/6 

LOCOMOTIVE ENOINE DRIVINO. 

A Pranlcal Minuil for EntrtMon in Chuoe of LocomoiLve Knglnm. B* 
MibHUi. Rir.ioLDB. M.S.E. Twelfih Edillon. Crown 8vo, Oloili. 3'S : 
dDibboa.di .46 

THE LOCOMOTIVE ENaiNE. 

Tbc ABiobioOTUiny of in Old Lomnwiiie EnniB. By Rouut WstTim. 
(OEM, U.i.U.e.. With lllutnuccu ud Pomiu of GioEaaEBi] Rsecht 
SrannKUK. Cruim 9*0, eloUi. fftl 2/6 

THE LOCOMOTIVE BNOINBAND ITS DEVELOPMENT, 

lKcw«n .<o3 Hid 1^3 'lly'cLEMM^'^Er^illJtToi., 'c!e. ^lITh^ KdSim! 
Kcn«J >n,l rtnp^i-n. Cro-n a™, clu.n ..... .V.I 4/6 

THE MODEL LOCOMOTIVE BNaiNEEK, 

Luconutive Eogineiud tbcil Inveulon. B|> MiCKAIi RxtnOLDs. StcODd 
Edluof), wixh Rented Appendii. Crown tvo, dolli, 3.'S: de>h1>»id>. 4/6 
■ w. ihnuld In tUd .o M thii bMk la IKg [MiHMjiiii of tn>y<«M Id lU kls|a«B •hs his 

LOCOMOTIVE ENGINES. 

A Rudimcniary TcealiK on. By G. D. DEUvkiv, C-E. With lirn 
AddiU.>ii= ireiilng of ihi; Modem LqCDmoU»f, by D. K. Cl.»>li, M.liiU.C.B. 
WHh lllustrmiops. Crown Svo.cloib 3/0 

CONTINUOUS RAILWAY BRAKES. 

A Pnclial Truiiie on ibe levenJ Synenu in Uk in lti« Unh«d Kiiicdoni : 
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Bf ffT4pbK mi UBlTtlc n 






WeiQHTS OF WROUGHT IRON & STEEL QIRDBR5. 

A Cimphk Table f« Fidliuiiog Lbe Conipiiuijaa of tbe Weigbu ol WniaKbl 
liDD ind Suel Gildui, Ac, l« Pmrlamca-urj and olber EidmalEi. Br 



OEOMETRV FOR TECHNICAL STUDENTS. 



By £. H. SrnAdUK, A.M.Iiul.C.E. CiuwD Svo. doth. 

PRACTICAL OeOMBTRV. 

For lbe Arebiim, Kniioeei. and . _. . 

and Applicaiioc of voiioua G«oincmcal Linaa, 






THE OEOMETRV OF C0MPAS5E5. 

Colound Diaataini and Symbali. By Ouiv» Bn— '" 

MENSURATION AND MEASURINO. 



HANDV BOOK POR THE CALCULATION 



and ComapoDdinE Diun-anii, with DDii»roui detail! 
tioo, &c Bt WiLLiAH Muxaaa. A. M.lnil-C.E 
Cniwn Svo, wilh naulr in, Wnidcuu ajid 3 Plllei. i:l 
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CROSBY LOCK WOOD ^ SON*S CATALOGUE. 



CONSTRUCTIONAL IRON AND STEEL WORK, 

As applied to Public, Private, and Domestic Buildings. By Francis 

Campin, C.E. Crown 8vo, ck>th 3/6 

" Tl)is practical book may be counted a most valuable work."— BrMsk Architect, 

MATERIALS AND CONSTRUCTION. 

A Theoretical and Practical Treatise on the Strains, Designing, and Erection 
of Works of Construction. By Francis Campin, C.E. Third Edition. 
Crown 8vo, cloth 3/0 

"No l)ctter exposition of the pmctical application of the principles of construction has yet 
been published to our knowlcdije in such a cheap onnprehcnsive form. — Building Nems. 

EXPERIMENTS ON THE FLEXURE OF BEAMS. 

Resulting in the Discovery of New Laws of Failure by Buckling. By Albkrt 
E. Guv. Medium 8vo, cloth Uti 9/0 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresaea. Breaking 
Weiffhts, Safe Loads, Scantlings, and Details of Coostmctioa. Witn Complete 
Working Drawings. By W. Grippiths, Surveyor. Oblong 8vo, doch 4/S 



"This handy little book enters so minutely into erery deCall ooonacted with tb« 
atructlon of roof trusses that no student need be Ignorant of these mattan."— /VacHtcm ifwyti mrr . 

CONSTRUCTION OF ROOFS, OF WOOD AND IRON: 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. Ely 
E. W. Tarn, Nl.A., Architect. Fourth Edition. Crown 8vo, cloth . 1 /fi 

'* Mr. Tarn Is so thoroughly master of his subject, that although the treatise w-a$ founded on 
the works of others he has given it a distinct value of his own. It will be found valuable by all 

stutlents."— ifwiTcrr. 

A TREATISE ON THE STRENGTH OP MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspenatoo 
Bridges, Railways, &c. By Prtkr Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experimenu by HoxxiKiNSON, Fairbairn, and Kirkaldv; and 
Formulae for cwculating Girders, &c Edited by Wm. Humbkr, A. M.Inst.CE. 
4vo, 400 pp., with 19 Plates and numerous Woodcuts, cloth . . .1 8/0 
-' Valuable alike to the student, tyro, and the experienced practltloaer. It wlD always nnk 
n ftiture as It has hitherto done, as the standard treatise on that particttlar subject."— jEfV^****'* 

EXPANSION OF STRUCTURES BY HEAT. 

by John Kbilt, C.E., late of the Indian Public Worles Department. Crown 

3vo, cloth 3/6 

" The aim the author has set before him, vie. to show the effects d beat upon mwralHc and 
other structures, is a laudable one, for this Is a branch of physics ttpon which the engineer ot 
>r-h>tect can tind hut Httle tellable and comprehensive data In books."— ^ sri/rf ir. 

CIVIL ENQINEERINQ. 

By Henry Law, M.Inst.CE. Including a Treatise on Hydraulic Engi- 
neering by G. R. Burnell, M.Inst.CE. Seventh Edition, revised, with 
Large Additions on Recent Practice by D. Kinnear Clark, M.Inst.CE. 

Crown 8vo, cloth 6/6 

"An admirable volume, which we warmly recommend to youn^r engineer ." — BuileUr, 

THE PROGRESS OF ENQINEERINQ (iSba^b). 

By Wm. HuMBBR, A. M.Inst.CE. Complete in Four Vols. Containing 148 
Double Plates, with Portraits and Copious Descriptive Letterpres. Impl. 4to, 
half-morocco. Price, complete, £1 2 1 2b. ; or each Volume sold separately 
at £3 3b. per Volume. Descriptive List 0/ Contents on application, 

QAS WORKS, 

Their Construction and Arrangement, and the Manufacture and Distribution 

of Coal Gas. By S. Hughes, C.E. Ninth Edition. Revised, with 

Notices of Recent Improvements by Henry O'Connor, A.M.Inst.CE. 

Crown 8vo, cloth 6/- 

" Will be of in&nite service alilce to manufacturers, distributors, and consumers."— /%pfTmaM 
Englnttr. 



CIVIL SNGmSBSING. SURVBYtSG. 



I, F.R.S. Crown 8vc 

FOUNDATIONS AND CONCRETE WORKS. 



SAFE RAILWAY WORKINQ. 

■cripUDn of Modern Appliincu and Sysiimt. By Climem 
C£. Third Ediuon. aoluged. CnwD ivo. doth 



ENGINEERING STANDARDS COM- 
MITTEE'S PUBLICATIONS. 

ComniLttee appointed bv the Insljtution of Civil Engtneets ai ilic Instance 
of Sir John Wolfe Barry, KX.B,, lo inquire into The adviaabilily of 
.ilandamising Rolled Iron and Steel Sections. 

The Commiliee is supported by the Ituttlution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Nav^ Architects, 
the Iron and Steel Institute, and the Inslilulion of Electricnl Eat^eers : 
mponance oF its labours has been emptuuiiBllj 






a liberal grant 



Reports already Published : — 

BRITISH STANDARD SECTIONS (9 lists). 



REPORT ON THE INFLUENCE OF GAUQE LENGTH. 

Bt P".fe-v« W. C. Ukwpn, F.R.S. Jfil 2/B 

PROPERTIES OF STANDARD BEAMS. 

U-^l-tf.Un,V^.f..) N.I 1/0 

STANDARD LOCOMOTIVES FOR INDIAN RAIL- 
WAYS, Xit 1 0/6 
PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diiigrinn, Ucilniiions, Tables ond Furmul^ AVf B/0 

TABLES OF COPPER CONDUCTORS AND THICK- 

NB55K5 OF DI-KLbCTKIk:. .Vcl 2/8 

SPECIFICATION FOR TUBU LAR TRAMWAY POLES. 

AVI 6/0 

SPECIFICATION AND SECTIONS OF BULL-HEADED 

RAILWAY RAILS. titt 10/6 

>. TABLES OF PIPE FLANGES. Nti'im 



lo CROSBY LOCKWOOD «• SOttS CATALOGOE. 

ENr,[NHEHING STANDARDS Co«M1TTEE"S REPORTS— ft>Bft"lHlfrf. 

ti. SPECIFICATION & SECTIONS OF FLAT-BOTTOMED 

RAILWAY HAJLS. .Vtl laS 

12. SPECIFICATION FOR PORTLAND CEMENT. ,iv.- as 

13. SPECIFICATION FOR STRUCTURAL STEEL FOR 

SHIPBlJll.DI^U. .Vr( 2/6 

14. SPECIFICATION FOR STRUCTURAL STEEL FOR 

MARINE BOILERS. .V,i SlO 



17 INTERIM REPORT ON ELECTRICAL MACHINERY. 

.v,i 2 6 

ig. REPORT ON TEMPERATURE EXPERIMENTS ON 

FIELD COILS OP HLECTRICAL MACHINES. S-l SO 

io. BRITISH STANDARD SCREW THREADS. .v« a/e 

11. BRITISH STANDARD PIPE THREADS. .v</ 2,6 

12, REPORT ON EFFECT OF TEMPERATURE ON 

INSLTLATIINa MATERIALS. Set go 

23. STANDARDS FOR TROLLEY GROOVE AND WIRE. 

-y" 1 .0 



MARINE ENGINEERING. SHIPBUILDING. 
NAVIGATION. ETC. 

MARINE ENGINES AND BOILERS. 

11»Lr Dc»gn and Conslruciion. A Hanilbook for the Uk of SiuduiU. 

KoDUniktIandecScbiffunudiilniiiind K»«l,"by Dr. ^ " " 

iu-Chic[ort)ic Vulcui^bipbuildinsyiudiSuilin. Tiuu 
GeniiBO Edilloe 
Ediud bf Lksl 




MABJNB BSGlSSBRtNG. NAVIGATIOS, ««. 




amTBD joom 




din of •dnuiad Uonladi* ■ woik Uke thklmriU inauii nli 
'luLmtOcB. W« MtiiiBl^By ibu li M Uj MM wlutbl. cm 

lAd nbha ud ImniulK nqulnil br lUpbiiDdH. cD 



WANNAN'S MARINE ENQINEER'S OUIDE 

To Baud of Tilde Enutiinitiani loi Catiiaut at CompciencT. ConuiniDC 
all Lu«I Qneitkini lo Da», with Simple, Cleu. tai Cociect Solatioai; 
301 Elemenory (joeadani with lIluKnted Aniann, and Vcrbd QneUioiu 

A. C. WuHiiiH.aHr7coiuuJiine EngiaHr.uid E. W. I. Wahhar. M.I.H.R., 
Ceiliftisied PinlClauUanneKngineEr, With nnmerou Ensimvinil. FoDFIh 
Kdilion, EaiuEed. soopBgei. Luge crovn Bm, clolh . . AVI 10(6 

WANNAN'S MARINE ENQINEER'S POCKET-BOOK. 

Conuinint Lateu fiou-d of Tnde Rulci uuj Diu foi UioiDe Eniinesi. 
Bt a. C. Wuhah. Tbitd Bdiibu. Reviied, Enluged, ^d B^a|!il up 10 
Dau. Square iSmD. with ihiupb indsai. ieuDet BIO 

MARINE ENGINES AND STEAM VESSELS. 

Uy R. Ml'bhav, C.E. Elghlb EillUan. Ihomuutaly R^vl^ed, yviih Additions 
by Ihf AuHiorandbjGiLDOQr C^KLiBi.i, C.R. Crown Svo. elolli . 4/0 

ELEMENTARY MARINE ENOINEERINa. 

A MuDi] far Yaani HuiiM Sd^bhti ud Apinadot. Bjr J. S. BICWBK. 
Clown Svo. elolh 1/0 



22 CROSBY LOCK WOOD «- SOS'S CAT A LOGO B. 
CHAIN CABLES AND CHAINS. 

Comprising Sixes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links, Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables. &c, &c. Bf 
Thomas W. Traill, F.E.R.N., M.Inst.C.K., Engineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent, Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloch . . £2 2«. 

" It cootalns « vut •aiount ol vahiaDte ttuonnatloti. Nnrhtwr s a m i i s to be wanttDg to make i 
a complete and vtandard work of twiHmor* oa ttia subject."— A'aM/tra/ Magazine. 



THE SHIPBUILDING INDUSTRY OF GERMANY. 

Compiled and Edited by G. Lbhmann-Fblskowski. With Coloured Prints, 
Art Supplements, and numerous Illustrations throughout the text. Super* 
royal 4to, cloth . Nef\X^i^ 

SHIPS AND BOATS. 

By W. Bland. With numerous Illustrations and Models. Tenth Edition. 
Crown 8vo, cloth 1/6 

SHIPS FOR OCEAN AND RIVER SERVICE, 

Principles of the Construction of. By H. A. Sommerfeldt. Crown 8vo 1 Q 

AN ATLAS OF ENGRAVINGS 

To illustrate the above. Twelve large folding Plates. Royai 4to, cloth 7/6 

NAVAL ARCHITECTURE. 

An Exposition of the Elementary Principles. By J. Peaks. Cr. 8vo, 
cloth 3/6 

THE ART AND SCIENCE OF SAILMAKING. 

Bv Samuel B. Sadler, Practical Sailmakez, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Gospwu Plates. 410, cloth. 

12/6 

" This axtremaly practical work gives a complete education in all the branches of the .uanu* 
iactnre, cutting out. roping, seaming, and goring. It is copiously illustrated, and wU form a fint* 
fate text-book and fpiHC^^ —P^rumoutk Timts. 

SAILS AND SAIL-MAKING. 

With Draughting, and the Centre of Effort of the Sails. Weights and 
Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, Arc. By 
R. Kipping, N.A. Crown 8vo, cloth 2/6 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, &c.. 
relative to every class of vessels. By R. Kifping. Crown 8vo, cloth 2/0 

5BA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) used in the English and French Langoages 



(English- French, French-English). For the Use of Seamen, Engineers, Pilots, 
Shipbuilders, Shipowners, and Ship-brc^ers. Compiled by W. PiutiB, late of 
the African Steamship Company. Fcap. 8vo, cloth limp 6/0 

" This volume will be highly appreciated by seamen, engtneerv pUota, shlpbulldan and «hip- 
ownen. It will be found wonderfully accurate and complete. — JSc^owmm. 

SAILOR'S SEA BOOK: 

A Rudimentary Treatise on Navigation. By James Greenwood. B.A. 
With numerous Woodcuts and Coloured Plates. New and Enlarged 
Edition. By W. H. Rosser. Crown 8vo, cloth .... 2/6 
•* Is perhaps the best and simplest epitome of navigation ever compiled."— /"iWrf. 
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MARINE ENGINEERINQ, NAVIGATION. **. 13 

PRACTICAL NAVIQATION. 

Consisting of Ibe Sailor's Sea Book, by J. CliaswaaD and W. H. Rossnj 
tonUieF wllh Matbamallcal and Nautical Tablet for Ibe Working of tlig 
ProbLenii,bTH. Uw.C.E,.aiidPror. l.,R.yr>(iNa , . , . T/O 



(, C.E. Wllh TabI 



MINING, MBTAL.L.URGY, AND 
COLLIERY WORKING. 

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETKOLEUM INDUSTRV. 

A Praciial Handbook on (he E>ploniiiDD, Eiploiiatlon. and Mioagnnent 
of Rimum Oil Pcnperiics, inclndinf Nwet on [be OreId of PettoltDn in 
Riuua, 1 DeKCipiioo of Ibe Theory and Pnciice of Liquid Fuel, and a 
TiHulithm of ihe RuIh and RuEulalioiii canfcminc Rusian Oil PiDiieniei. 
Br A. BuBT THUnnoN, A.M.T.M.E., Inie Oiief EntEineer and Manager of 
l^e KuTOpean Perralcmn Company'* Hut^ian Oil Prnpeniea. Abonl foa pp. 
Wiih niunennu llluuniioiu ami Phatographic Flalei, and a Map af the 
Halakbanf-aabooatcby-Konuny Oil Field: Keral Svo, claib, Xfl ea Sa. 

MECHANICS OF AIR MACHINERY. 

Bv On. J. WaisnACM and Puiir. U. HuaUAXii. ADtbocued Tnn>lalioa 
in Appendia on American Practice by A. TuowiiHiDaE, Fh.B., Adjunci 
ru„L.-;_, tr..; .•-. Columbia Unlvtt^ly, Roval B-o, cloth. 






MACHINERY FOR METALLIFBR0U5 M1NE5. 

A Practical Tieatix for Minbg Bnguwin, MtullDrgiKi. and Manaccri ol 
MineL By e. Hawav Daviis. M.E., F.G.S. 6ae pp. With Folding Plalei 
■ndcUier IllnaiuiDU. Maiium Ivo. cloih .... JVil 3810 

THE DEEP LEVEL MINES DF THE RAND, 

.And Ibtii Fuiarr De>elop<niiDI, caniidEred rrom the Cotnmetcial P«ntof View. 
By G. A. DaNNVIolJohaiiDeibaH), M.N.K.I.M.E., Coiuullinc Enginaer ID 
Uie Geneial Uining and Finance CoriiDratian. Ltd., of London, Berlin, Parii, 
and JohanniibBig. Fnlly llliutnHd wiib Diagiamt and Foldins Plalei. 
Roval tro. bnckras Sri 2S'Q 

palnl Ihu Iraa ■ icuniiai amt,ipfmi^ Is i<McBclrcl>Dl rwLv TM txiek uniwi Ml u pron 

PROSPECTINQ FOR GOLD. 

A Handbook of Piactical Informalion and Hinls for Piojipecton bued on 
Penonal EiperienM. ByDaKlB-j. RaKKIM, F.R.S.G.S., M.R.A.S., formetlj 
^lanoger of the Cennal African Conpanr.anH Leafier 01 African Gold Proi.- 
peciini Bxpnliiioni. With lllumalioiB uieciallv Diawn and Kngnved Tdt 
^ lh< wTvk. Fc«>. Bvo, leather IT/I 7(6 
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it Gold. By M. Eiautt, 
>v.-t 30D Illustruiaiu uxl 

. . . A-^auo 

H.' 'nw *btM procHfo'BQld 



THE METALLURQV OF aOLD. 

A PncdaJ Tiaiisc « Ihi Maullnrnul 
iDcIoding Ihc AsunnE. Melting, uicl Ri 
M.Imi.a.M. Fifik Ediiion. Enlarged, 
nunoooi Foldlni; PiBKi. Medium Svo. do 

THE CYANIDE PROCESS OF QOLD EXTRACTION, 

And iit PracticiJ Apptioktion on Ihe Wiiwuennrad Gold Fields Aod eUewbcrc 
Rr M. £j&»LE>(. M-Insl.M.M. With Dimgmiu uid WorUai DrftvingL 
Tluld Edilian, Kevnediuid EnluEed. Bvd, datb N" 7(6 

DIAMOND DRILLINQ FOR OOLO & OTHER MINERALS. 

A PnuaicjJ Handbook on Uie U«e of Modern Diamnnd Core Drilli b Pro- 
nectinE and Eici^itinE MineniJ-BeajiiiB Propeniet. JndudLbff Puticutin of 
[heCoiuar Apoantvs and Wwlfing. ByG, A. Dknnv, M.N.E.Iml.M.E.. 
M.lDa.U.M. Medium Svo, iti pp., vilh llluitnlive DiafFama . 12^6 

aOLD ASSAYINa. 

A Praciical Handbook, Einng the M>^i>i OffamI! for th< AcD;raie A»ay of 

€,rS.^^.\o^b^ AmalEa^'ti'on, Cyan™atiDn, ^ '^"orina'tlaa.' wJtTu 
aniTSiaiiidoi. By H. Joshua Phu.lii^. F,1,C.,F.C.S., 



FIELD TESTINQ FOR UOLD AND SILVER. 

r PrDipectm and Minen. By W. U. Mn 
" " ■-- "■-' ■"^-■jeiapWc Plales aod 



7/8 



M N.E.liut.M.E., A.R.S.H., Ike. 
IllDiuationa. Fcap. Ivo, leaiber 



THE METALLURQY OF SILVER. 

Oi«t, Including the Auapn^ , Melun^^ and R 



THE HYDRO'METALLURQY OF COPPER. 



PnxciMi Adopled in Ibe Hydro- Meiallnrgical Tmu- 
Oiia. Including Ibe Maniilaclnre of CoFfiei Vilrigl, wilh 
-CH of Sui>ply tA Copper and the Roauiog of Coapet Orea. 



MINING. MKTALLURGr. A- COLLIERY WORKING, as 
THE METALLURaV OP ARaeNTIPeR0U5 LEAD. 

A Pnctfol TrEUbe on Ibt Smelling of Silrei-Lud Ona uid ihe Rafining et 
Lud BallioD. Including Rcporti an vuious Smclline Fjufaliibmenu iind 

B» M. E™Liii, M.I^i.M'M"*aSI™TY^doih" '" "°'^"' . T2/6 

METALLIFEROUS MINERALS AND MININQ. 

Br D. C. Daviu. F.G.S. Sbiih EdiiioD. IborouEhLT Rcvbcd and mncli 
Ealacgtd by hii Son, E. Hehkv Daviu, M.&., F.G.S. «» pp., wiih 173 
IlloicruiDiu. Luge CTDvii BvQ, doili Nil i 316 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. DiviBS, F.G.S., Aalbor of " M«al]i(i!roiii MinenJi." Ac. Tbird 
aditioa, ReviMd ind EnLireed hyhii Sdd, E. HiHxr Daviks, M.E., P.G.& 
WIDi ubiiui 100 ILIuumiDDi. Cio<m Svo, clolh . .... 13fB 

BRITISH MININQ. 

A TrcAILH DO tbq Hiiiorr, Ducover^, Pnctlcul Ueftiopamot, uh) F«an 

Hurt. F.R.S.. lue Kecpu of Minini Keaneli. Uv<'>"J> uf gjn pp.. witli 
■,0 Illo«™>Dnt SKoad Kdilion. R^vued. Suptr-roy«l Svo. tloil, £2 2m. 

POCKET-BOOK FOR MINERS AND METALLURQISTS. 

Comiiriiliii Rula, FcHmDte, Tiiblu, uid N«« (ot Vte in Field ud OSn 
Work. By C. Damvsu Powsa, P.G.S., M.E. Second Ediiios, CorrgcMd. 
Fom. »™, le.U»r 9/0 

lOineit GuiIUhiihiiIiii pnqKuin UHl uUliii owliiwi."— £-vi-w»V. 

THE MINER'S HANDBOOK. 

A Huidy Book of ReTsrsnix on Ibn tublccu of HinamI Depoiiu, Ulninc 
Opcnlioiu, Ore Dreuing, Ac For ihe tlKoTSludenti u>d Dllien intereilEd 
in Mining Mitieri. Compiled by John MiLHi. F.R.S., PioCenor of Mininc 
inlbtlmixriiJUmniiilyof Japu. Tbiid Edilion. Fop. B™, leuher tTS 

IRON ORBS of GREAT BRITAIN and IRELAND. 

uid'woiiung Xbcm. °Wiih r^^ce'^^^oribe 1^ Orel of Spkin. ' ^ 
J. D. KmCALL. F.G.S., Mining EnKinea. Ciowd Svo, clotb . . 10/0 

METALLURGY OF IRON. 

Containing Hlstoiy of Iron MnnaFaolaTe, Itetbods of Ara>y. uid AluiyMi* 
ot lion Ono, Piocaset at UanufactoR of Iron and 6leel, Slc. Bt 

Bdlilun, nvUe^ arid enlargnL Ciowa Svo, ctoih . ' . BIO 

MINE DRAINAGE. 

A Compleu Pnciicil TnulH en Dlnct-Actiiig UndeccnnDd Suan 
Pnmping Machinery. By STsninr Michbli. Second Ediiipn, Rg-miltm 
and EnliVKid. Wiih >y> IlloBcuioai. Koyal Sra, clolb. . JVff 28IO 



j^ CROSBY LOCKWOOD *■ SONS CATAUXVB. 
ELECTRICITY AS APPLIED TO AUNINQ. 

By Ahnolq Luftoh, M.lnH.C.B., M.I.M.K.. M.I.E.E., late fcoToiac sf 
Cwl Mining u iha Vorluhiic Callcfe, VkunU Univeniiy, Mininc EHEinnx 
and CaVitrj Mjuua« i G. D. AiriHALL Pah, KI.l.t.E.. A.U.I.M.E., 
AsiociiH of tktCwiml Technics CoUcie, Cliruil Guildi of Landoa. H«d 
a! llie ElcclrEixl enpnHiinf Deparimenl, Yoiluturc CblleEC, Vicloria 
Unimsl)' : ud HnHiT FnxiN, M.l.M.E.. CHllEoud COIIisy Muuca, 
A»Uunl leduntr in Ihs Minine Depurtnitnl oT ifas Votkihire Collaga. 
Vicuria Univmiiy. Wicli aboui 17° inunriLiont. Stcnnd Edidan, Rivucd 
udEnliuinl. Madium Ivo, clolb. \JmiI PuilhluJ. ^V«12jO 

|F« SUUMAlty OF COHIBKTS, <» P-BT ^.1 

THE CULLIERV MANAQER'S HANDBOOK. 

.■yinir-aur and WorkinE of Co0ierifi| 



nine loi Fiin-clui Cmlliciici. By C 
nrvcyo. : Membei of ibe Nonh of Ensl 



Mminc Enim«i uid Surveyor ; Membei of Ibe Nonb of Ensluid Insuiuu of 
Minina and Mcchuiici] EDginHn; uid Urmbu of Ihe SonlE Wild iD^iiiim 
_. ..;;:„ „--i iu:.T r,: di ._j .^^, I]|„,ni^ 

,-fi: 



Wifavei'i.m DL^unV Pl'ui 
1, Cutfsllt Kevued uid Grully EnkrgnL 1 



PRACTICAL COAL-MININQ. 

An Elemnury Clw-Book foe ih: Uic 



Boon] of Educ 

■ Class Colirirv M ._._ __ 

ingEnrin« 
iclleld Unit 

E'ii™«dlir"th"e"Woikr iiiTpagHr&om SvoTolatb . "."~JV« 4/S 



Qnallf)..,. „. , __— -, 

f. H. Cdckih, MEmbct of ±e Ijutitutkn of MiniDg^n^lnnrt, Cerdfioucd 
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SLATE AND SLATE QUARRYING. 

Scientific. Piactleal. and Cotntnereiai. By D. C. Davias, F.G.S.. Mlulng 
EnMnect, Ac. WItb numerous llliutntlons and FoiOlng Plates. Foiutb 
EdlUon. Crown gvo, tloib S/O 
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ASBESTOS ANU ASBESTIC. 

Tbeir P.uperiiei,, OcciTiMct, and Uk. By RoaaaT H. Jokd, F.S A.. 
Uineralogui, Hon. Mem, Atbenca Club. Black Lake, Canada. With 
TenCalloiypePI««aadDib»Illuir.atiou. Demy Svo. clolb. . 16/0 
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SyOaoaca F. Kaaua. r.C.S. Whb llluauuiou.. Crown t.o, cloih 2<a 
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Mining Propertle. witfa New TnTene Tables. By W. LlHTUN, C.E., 
Fourtli EdlUnn.enbiged Crown gva, dolb 3/e 

TRAVERSE TABLES. 

For DM in MlnaSurnyliiiE. MvWii.LUUl.uiTSBH.CE. Whhna^uw. 
Small CTDUD Bva, clolb /ft 8/0 

SUBTERRANEOUS SURVEYING. 

By T. Fenwick. AIw Ihc Method of Condueilne Subterraneous Sorvejri 
without Ihe iiu of ihe MJignellc N'«dle, &c. By T. Baker. Cr.Svo. 2/B 

MINERALOGY, 

Rudimenis of. By A. Rahs<y, P.G.S, Pounh Edition. Woodouls and 
PI»lBi, Crown 8vo, cloth 3/8 

PHYSICAL GEOLOGY, 

Putly hised an Mnjnr-General PoHtLOCK's " Rndltnenu of Geology." By 
R*i,fhTati!,A,L.S.. *e. Woodcuii. Crown Bvo, oloih . , 2/0 

HISTORICAL GEOLOGY, 

Partly based on Maiot-Gsnenl PoitiLooK'i " Rudlmenis." By lULrH 
Tate. Crown Svo, doth 2/B 

GEOLOGY, 

PHVatcAi. and HisTOBiCAL. Consisting of •■ Pbyiioal Geology." which aeti 
forth the Leading Prliiclplus of the Science^ and " Hlitoncal Geology," 
vfhioh treaU of the Mlneiat and Organic Condltloiu of the Earth ai each 
auccasive epoch. By R, Tatb. Ciown Svo. cloth , . . . 4/8 

ELECTRICITY. ELECTRICAL 
ENGINEERING, ETC. 
THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A FiiU Year's Course for Stndenu. By Tvsoh Siwn.L. A.I.E.E,, AsUlanI 
Lecturer and I>fliDon»traior ia Electrical EiqweeriDE at tha PolyTcchmc, 
Regent Street, Umdon. Third Edition, Revised and Enlarged, including an 
Appendla of QuesLions and Anaweri. 460 pages, with at« lllusmtions. Demy 
g™^o^^_ U^tfMakti. NiniA 
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ELECTRICITY A5 APPLIED TO MININQ. 

BrAiNOLD Ldptoh, M.lnnCE.. M.I.H.B., M.I.ER., 1(U Profiwr oT 
CoiJ Mioing « tbt Vorkihire Colleen, Vkiori* Univetm, Mining K«mncrx 
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TboT Mueriali ud Muutulun, The CiUculiuioB of CEicaiit, Palc-Lin> 
Cunnniciiaa, UDdaiiiwnd Weikuig, uid oOur Ukl By E. A.C.FmiHH, 
A.M. D.Sc. ; ronmTy ProfuBr gf EliuriaJ Enginouini, UUnd Suuirnrd, 
Jr., Uoivtniir ; UJlmer.l.E.E. aTChdoth .... AW 20/0 



DYNAMO ELECTRIC MACHINERY: Its CONSTRUC- 
TION. DESIGN. Md OPERATION, 

Hy S>«uklSkildoh, A.M.,Ph.D.. ProrsiKir orPhyiicondElicuialEnci- 
QRTing u ihE Polyiccbnic Inililuic of RtaDklyn. uniicd by H. Mason, b!s. 

VdI. 1.— DIRECt'cUKRENT' MAcAlNE^^^' Firth''Editiiio, Reviled. Lun 

clowngvo. >!» pi«», wilb HS IlludnluDi Jf(( 12(0 

Vol. II.-ALTERNATING CURRENT MACHINES. 1-rge cmwn Bto. ^6e 

pufei, witb iBt Illu^niiont irll^2IO 

DmignuA n Teal-bmln (h uta In TrcbaliBl Fdncudoul LuihuilHK, u4 by BWnim 
vIvDSe work Lidudd IFk hjin<IUn« ol DInci vO AEiarpAiUic CundE MocUnu laipectlv^. nd 

DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL eNOINEBRS. 

phMe'cu™ii. By Wiilwm R. Bo*k«ii, C.E., M-K.. E.E„ Coninliing 
Trammy Engineer. Bvo, cloih iV« 6/0 

ARMATURE WINDINGS OP DIRECT CURRENT DYNAMOS. 

ExIendoD uid ApplloUon oT t Gnient Windiaf Rule, By B, Aihold, 
TnMlucdfiomlheGenMnbyF-B. D« Guisi. Svcdolb . JKef 12/0 

POWER TRANSMITTED BV ELECTRICITY. 

And ■pplied by the Electric Mofor, including Electric Railmy Coiuiraction. 
By P. Atkihsoh. A.M.. Pb.D. Thiid edition, Fully KeviKd, and N'ev 
Mailer added. Wilb «4 lUnWHion*. Crown Sw, cloth . . Jfll 9(0 

THE MANAGEMENT OF DYNAMOS. 

A HuidyboDk of Tbeotyuid Practice for Ibc U»of Mechuiks, Eaiincai, 
Sludenis, and olben ID Cfaaige of Ihnaniaa. By G. W. Lduuis-Patiiwii. 
Third Edition. Ke.iKd. Crown Sva, dolb ..... 4# 
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DYNAMO CONSTRUCTION. 

APnciicilHintlboDkroritiEUKOl Enciucr-CondiuRiiri ud E 

Winding ind Gionpmi, Coinpoundins, ftc. Bt J. W. Kl)UB*rr."~SK<^ 
F*fkr.m, Er.l»rt«t. -iiE (.4 IlTuHiuiom. Crown jxo. clMh . 7/6 

HOW TO MAKE A DYNAMO. 

K Pfi^iiol TruHW for Amunirv Cmulnini IIIdhmioiu UK DcuiM 
iDItiucuoni lai CanBirncdnE ■ Sn»ll Drnaua ui PiDducc Uie £1bcu1c Ucbl. 
Br Alfhiip Guam. SFvrnlh E<lili(>D. Crown Ivo, doth . ■ 9/0 

WIRELESS TELEQRAPHV; 
SUBMARINE TELEaRAPHS. 

Their HiuinTi Coiummian. mi Workini- Faaiulcd in pan on WOniCHaii- 

uv<>udSic?>iv<>Sonr<:<!i["'BvCMAiiLB^iaiiT, F.xI'I.E^A.M.IuuC.E.i 
M.I.E.E. ;Bs pp., folly lUiuinied, indudiRg U>p> vhI Foldinc Plua 

Jtoyml Ito, cloth ^ jVil £9 3n. 

KrChulH BriikL 'hiKh dam Ua work admlnblf. ud hu vnnin In i nr^^^vU 

"Thil book ta fliS of InferduUgo, 11 iuk4 ■ book a( nfannt* wlij3i mould be tnavwr 
■DftnW% 0bf«i7,'— J^WHrT; 

ELECTRICAL AND MAQNBTIC CALCULATIONS. 

Fat the ITh of Slectriol Eociiwa and Aniani, Teachen, Siadenu, ud nil 
alb«< inlcKUcd in Ihe Tliearv nnd Applicnlioo of Eleoricity nod MunMim. 
BvPioT. A. A.ATKiiaoM,OhiatriuKTaty^CnwnBvo, cloth tCii 9IO 

THE STANDARD ELBCTRICAL DICTIONARY. 

A Popnlar Encydopndi* orWcnlt and Termi Ut«9 in thcPrKticeofKleccrkal 
CngineerinE. Conliinine upwirdi o( i-ax deliiiiliiHii. By T. O'CoHon 
SkDAriE, A.M., Ph.D. Third EdilioD. with AppiBdix, Ctown Svo, 690DP., 
^^^lll^ui™. c^^ ^__^^ i tt ^d ■ ■ 4,'uw ,«ii ■ , '*" ''lis 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Coniiflint of Rulo, ForniuliB, Tablei, tuA Dua. By H. R. Kikfi, 
U.I.S.E., A.M.lnn.C.E., Technical Officer Poiul Telegraphs, Aothor of 
"A Handbook of Electiical Tening " Second Kdiiion. jima, leather 5/0 
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ELECTRIC LIOHTINO (ELEMENTARY PRINCIPLESOP). 

By Alan A. Campbili. Swintom, M.InitC.K., M.l.E.E. Sbtib Kdilion. 
Wilh tt llluicratioai. Ci<»ni Bvo, cloth VB 

ELECTRIC LIGHT. 

ll> PloducIiDO tod Use. EinbodTina Plain Direclloni lor the TreicnenI Ol 
Dynamo-Kleciric Machinei, Baitenei, AccimdlUDCt. and Elecirie Lanpi.. 
By J. W. U>quHAItT. C.E. Sfvtnlh Kdilion. Crown Svo. doifl , 7'6 

ELECTRIC LIQHT FOR COUNTRY HOUSES. 
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Founb Bditioo, Rened. Crown Ira. wiappa ■\IQ 
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PRACTICAL BUILDINQ COIN 5T RUCTION. 
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SCIENCE OF BUILDINQ: 

h"%i t" b" m!a, LonT "pourlb Edillon, Ctown Kvo. cloth '. a/o 

ART OF BUILDINO. 
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By Enw.tD Dobsoh, M.lnK.C.E. Fifieeqih Ediilgn. revijed 1^ J. p. 

BOOK ON BUILDING, 

CIvtUndEccleslasdcal. By Sr Edhuhd BciMirr.Biul.. LL.D. Second 
Bdluon. Ccano Hvo, cl«b ' . ■ ' *IS 

BUILDINO ESTATES: 

A TrcHilse on the Dfvelo[nijeni» Sale, Purcbds«, and MADuemeni of 
BulLdlDg Land. By F. MjtiTLAiin. Fouiib Edition, down Svo, ctolb Q/O 

.iu,tiiiUdk«ijuul."'-z.>w.f,i-r'i ««'»;. 

COTTAOE BUILDINO. 

CoiUgBsCoT AllalDiEQlsby E. B. AI.I.IIH. C&. Cravm Sve. cloth . Q/Q 

DWELLINO- HOUSES, 

Erection of, tlluilnilpd by a Ftnpecllve View, Plans, EltvaUoas, and 
SrcUonioraPaLiof Vlllat, with the SpRliicatLoii.OuBnIlllELand Bulimrci. 
By S. H. Dtnoxs. Crown Bvo. cldh 2(8 

FARM BUILDINOS: 

fasTor J.™l?T.*"crown^o!do'lb°2^ . '' . 'I™"" ^11^ 

SHORfNO, 

And H^ Ai.pl Iqailon. By C. H, Bi-\g>ove.__ Crown 8vo. cloth . . 1 r6 

ARCHES, PIERS, BUTTRESSES. 

By WiLUAs. Bland, CrowD flvo, cloth 1/6 

PRACTICAL BRICKLAYING. 

General Principlej of Brtclilaylng ; Arch Drawing, Culling, and Setting. 
Pomiin,;: Pavine, Tiling, &c. By Adau Hahhoxd, With 6a Woodcute. 

■■TS2""„!l"bnclIS^^.til£»i'i,ta^«J ■^Juj.lnb.'hlm.--,^ ' .™*fl,™W " ""^ 

ART OF PRACTICAL BRICK-CUTTINO AND SETTING. 

By An«H Hahuobd. With 90 Engravings. CroH'n Bvo.cloih . 1/6 

BRICKWORK : 

Enil.tvlnri!Jtl..i-...n,r.il,.iid H I shsr Principles of BrickUvIng, Culling and 
Si-irin,: ■■■■'i 'h- '-,..i-,:hn of Geometry to Boot Tiling. <«■ By F. 

^w.i K,^ ■ ■ ■■■■:. ... ._. ._ _ -, . . 1/B 
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PRACTICAL BRICK AND TILE BOOK. 

Comprlilni!: Brick and Tile Mak I nj;, by E. DoBSOH.M.InU.C.E.: Prutlul 
Brick l^rl n R l>y A, Hak><o:.p, Bhck-CiiittnK luid SMIlng, by A. HauhOkd. 
SS" PP ■ "■■"'' '7° lllusirailans, iitoiigiy half bound .... BfO 

PRACTICAL AIA50NRV. 

A Gnida id Ibi Art of Slooc Ciuilng. Compriaint iIk Cofumietloii, SHKnf- 
Out, uid WtKkini of Sum, Ciicultr Wvk. Axbrt, Nicbet, Ddihi. Pendsn 
tiv«. Vaults. Tiawfv Windowa. &r. : 10 ^»hich are added Supplement* 
relaifni ID Maunry Animating and QTiariiiiy Suiveyini, a<Kt la Buildine 
Stonei and Merblu, and a Ocuaiy or Tcimt. For iha Uh or StodaiU. 
Maaoiu. and CraFlunen. Br W. R. PuBCHAas. Building tniipccUir u lb- 
Borouih ol Hux. Fifib Ediiioa. Enluted. Royal Ivo. iiG pp.. wiih ;> 
Pialea. coniiiruini ovei tan Diatpami. clolh flfrl 7/6 

MASONRY AND STONECUTTING, 

The Principle! of Ma»nlc Proiecticn. and Ihclr AppllcUIOD In Coiuimc- 
lion. By E. Donaos, M.B.I.B.A, Crown H«o, cloA .... 2/6 

MODERN LIOHTNINQ CONDUCTORS. 

An Illu^traied Supplrmeni lo ibo Repori af tbe Llgliinlng Rneareh Com- 
mliiee of laoi. wlib Noi« u lo ibe Metbodi of Protecilon. and SpcdGca- 
Ilens. By KiLLiHawoHtH Hioaiis, M.lnil.C.B.. M.I.B.B,, Honorart 

SUHl lUSlirari.'- Medlnm^Svci. cloUi. [7<ul /^Uiikail. S4I BiO 

■dwa a taii WI ag mtnwk by IgMninn. Mr- M*dg«' wli iifmum at gwribW rai Mna * Miy (BTtvIn 
pnwtvd bnOdtwp war* In Kk a ia iBAmcl^*- H* j&aajpljriMtl— bmkItii nwtl Mcaig f fcnOm 

fkffuIiTi iuid phiFfcvrjiikh^ >li4clt mohvlha rnlh nl ■!» Iljtlilnbl« cl™r. la tlH book wUI he rninil 

MODKRN F'LLiMBlNQ. STBAM AND HOT WATER 

A Work fo'i itie PlunbR, ■beKeBiineEniineoT.IbeAichheci.andlhe Builder. 
ByJ.J. L.«Hi.aR. WilhaBt IlluiRuiDIU, tto, clolb . Xll 21/- 
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HEATING HV MOI w.AIKR, 

VENTILAIIUN AND HOT WATER SUPPLY. 

By Waitke JoNEJ> M.I M.E. i6o pagea, wiUi 14a Illoanlinu. Medium 
Bvo. cl«h JVrt 6/0 

THE PRACTICAL PLASTERER: 

A Compendium of Plain and Ornamental Plastet Work. By W. Kr.Mr. 
Crown Byo. clolh 2/0 

CONCRETE : ITS NATURE AND U5E5. 

A Bgok f« Arehiiecis Builden. Contrari'ia. and Clerki ol Wxk(. Br 
G. L. SuTCLIfK. A.R.l-B.A. SHOnd Edilion, Reviied and Enlarge^, y}6 
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PORTLAND CEMENT FOR USERS. 

By the late Henry Faija, M.Inst.C.E. Fifth Edition. Revised and 

Enlarged by D. B. Butler, A. M.Inst.C.E. Crown 8vo, cloth . . 3/0 

"Supplies in a small compass all that is necessary to be known by users of cement.*— 

LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERINQ, «c. 

By G. R. BuRNELL, C.E. Fifteenth Edition. Crown 8vo, cloth . 1 /8 

MEASURING AND VALUING ARTIFICERS' WORK 

fThe Student's Guide to the Practice d). Containing Direcdoos for takins 
Dimensions, Ahstractine the same, and brinfing the Qnantities into Bill, witE 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. MTith Additicyis 
by £. W. Takn, M.A. SeTenth Edition, Revised. Crown Bvo, cloth. 7/8 

"The most complete traatlte on the priadplas d measoitaf sad trahiiiiff s i t ilic—s ' work.* 

^^uildi^t^r News. 

QUANTITIES AND MEASUREMENTS, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters', Paperhangers*, 
Gilders', Smiths', Carpenters' and Joiners' Work. By A. C. Beaton, 

Surveyor. Crown 8vo, cloth 1 /Q 

" This book is indisucnsable to builders and their quantity dtxks."— English MeckaMic. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Survejrors. Containing Technical Directioos for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, RosmIs, 
and Drains, and an £tfy Method of Estimating the parts of a Building 
collectively. By A. C. Bbatom. Tenth Edition. Waistcoat-pocket siae. 1 /6 
** No builder, architect, surveyor, or vahter shonld be wUhoat his * Beetoo.' '—Mtiitdintr Nr»s, 
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COMPLETE MEASURER; 

Setting forth the Measurement of Boards, Glass, Timber, and Stone. Bv 
R. HoRTON. Sixth Edition. Crown 8vo, cloth 4/0 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair? A Price Book for Un- 
professional People as well as the Arcnitectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Miixbk, A.R.I.B.A. Fifth Editson. 

Carefully Revised. Crown 8vo, doth Ntt 8/6 

** In two years It will refMy its cost a hundred times over."— AicM. 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to^ the Purchase, Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixttires : 
with Examples of all kinds of Valuations, Information on Building and oo the 
right use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 

Seventh Edition, xamo, cloth o/O 

" The advice is thoroughly practical."— iLaw y«umaL 

" For all who have deaTings with house propeny, this is an Indispensable guide."— Z^mmwMms, 
" Carefully brought up to date, and much improved by the addition of a divirioo on Fine Art. 
A well-written and thoughtful work."— Z^mf AgtnW Rtcord, 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Lw|[B 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Third Ekiitton 8vo, boards 8/6 

" It is the most intelligible of the treatises on this Ill-treated subject that I have met wtth."— 
B. INCRBSS BELL, ESQ.. In the RJ.B.A. J»umai. 

PERSPECTIVE FOR BEGINNERS 

For Students and Amateurs in Architecture, Painting, &c. By G. Pyne. 
Crown 8vo, cloth 2/0 

PRACTICAL RULES ON DRAWING. 

For the Builder and Young Student in Architecture. By G. Pvnb. 4to 7/6 
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THE MECHANIC£ OP ARCHITECTURE. 

By E. ^^^°TAllN^^.A., Aui™1"o "^"^ Lhdm of BnUdtor" &=■ s'«ood 
EtJilion. Enluscd. Illumued wilb iij Dwgnuni. down Svo. dolh 7/8 

A HANDY BOOK OP VILLA ARCHITECTURE. 

Reins ■ Seiiu of Dsigiu (a VilU Renduiai is vwiDui Slylti. Wilb 
OulliDH Specificationi mad Bslimua. By C. WiciCEt, Aichitecl, Auihoc of 
"ThcSpiiunndrowinof Eneland," Ac 61 PUiei, .10, bklf-morocco, lili 

«iBB «1 111. 6b. 

DECORATIVE PART OP CIVIL ARCHITECTURE. 

Br SU WiLUAH Chahhu, F.R.S. Wilb Poimil, Illumuioru, Nolo, ud 
Ravutd (nd Sdiud by W. H. Luh. 66 Pluu, 1^0, club .' 21/6 

HINTS TO VOUNO ARCHITECTS. 

fly GB"rce WioHTwicK. Atchllecl, Ambor of "Tbe Palace of ArohllH:- 
tiire." Ac, Olc. Sliib Edliloa, ruTlscKl and eoIugBd by G. Huikisiom 
GulLUUHi, Acchllecl. Crown Svo, dalb 3/6 

THE ARCHITECT'S QUIDB. 

Bcbig > Teiu-b>»k of UHfol Inforawtloa fot Aichitacu. Enciaccn, Soivgycin, 
CoauKian, CJcrki of Woiki, Ac Br P. RmiBU. Ctoitd in. . 3/6 

ARCHITECTURE-ORDERS. 

The Oid«5 anJ Oielt ^slhetlc Principles. By W. H. Lceus. Cr. Svo. 1/6 
ARCHITECTURE— STYLES. 

The Hteiorv ^d DeKilptioD of the Styles of Aicbilectuns of Vulout 
Countries, from the Eulleil 10 the Pie^iu Period, By T. Talbot Biht, 

F,R.1,U,A„ &c. lUuilialed. Crown Era, clolb 2/0 

"OBDKits AND Stiles OF AicHiTECiuitB,"i>iOuKoJ, . 1 .3/6 

ARCHITECTURE -DESIGN. 

TbE Prinelplo of Design In Aicblleciuie, ■• deditclbic from N'alure and 
eiempllfied in ibe Works of the Greek and Gothic AtchliKts. By Eow, 

%• Thi llua priadi»g Wirlu tn Ou liatuUiixu Vol., kal/.fraiiiHf, muillfd 

"SlIonE»K AKCUJTBCTUllll," fnt4 6/0- 

ARCHITECTURAL MODELLINO IN PAPER, 

TbeAiiBt By T, A. RlcH*iil>BOB. Crown Svo, clolb . . -1/8 

VITRUVIUS — THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLIO. 

In Ten Books. TniniUled fiom Itte Latin by J. CwiLr. Wilb 13 fliles. 

Crown Svo, cloib 6/0 

K.B.—Thii u llw o>i/> EdilioK d/ Viinuvius procurabli at a moiaMt priti. 

QRECIAN ARCHITECTURE, 

Ad Inquiry Into the Principles of Beauty In; »llb *n Historical Vleir of Ibe 
lUse aod Vsaffat at ihe An In Greece. By tbe Biai. or Aihrdum 1 /O 
*«' Tkt tvm prtadins Wotki in Ont handiome Votuitif. halj'imind, ttUitUd 

■■Ai.ci.si A1.C1.USCIURE," priu eio. 

ACOUSTICS OP PUBLIC BUILOINOS; 

The La>Ti of Sound u applied to tbe AmngeiDenl of Buildings. By 
Professor T. RooiH Suith, P.ll.iJ).A. New Bdlllon, revised Wilb 
II u mecu 11& tU 031 rations. Ciown Svo, cloth 1/6 

LIGHT: 

An Iniroducilon 10 Ibe Science of Opiles, Designed for ibe Uteof Sludenu 
of Aichiiecture, EnglneEtlng,aiidolherApp]led:SclencBi. ByE. W.Taui, 
M.A. Crown Svo. cioih . . , . .... 1,8 
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SANITATION AND WATER SUPPLY. 
THE HEALTH OFFICER'S POCKET-BOOK. 

A Guuli to Suiury Pmxkc uid Lrnn, Foi Uidial Officen of Healtll, 
Suiiuiry lrup«ciDr»t M«niban of Shiiiht Anlhotitia. &c- By Kii*abd 
7. WiLLoncHiT, M.D. (Land,), ftc Sannd Ediiion, RnriKd and Bnliricd, 
Fca|i. Ivo. lutliB Arl 10/S 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATBR-WOHKA. 

By PiiuFifsoii W, K. BuBTON. AM.Inti.CK. S«DDd EditJoD, RFviicd 
and Exiendol. Royal Svo, cloih. (S» pmft ii.) ... £1 Sa. 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By WiLLUH HUHBEI, A.M.lrut.C.E., ind M.Iotl.M.E Imp. tin. bmll. 
bound mmocco, (S™p»gi!ii.| 'Vti i£B 8m. 

WATER AND ITS PURIFICATION. 

iniei^Hl In Wuci'sup^ly. By S. RiDSAr'D.Sc! Luul., F^c!" Second 
Edition. RcviHd, with Addillons, including numerous llluitruioni uid TiUs. 
;,KHe Crown 8™, elotli A'rt B'O 

RURAL WATER SUPPLY. 

A Pruliol Hudbook on tbe SLpply at Wuer and CoDitmctioB oT Wuei- 
«Qiki for Small Country Diitricu. By Allan GnaiwwKLi.. A.M.I. C.E.. 
■ndW. T. Cuimv, A.M.l.C.E. Revixd Edition. Croon jvo, cloib S/0 

WATER' ENOINEERINO. 

tion of W«« to the Supply olT^I™^" y C.°Si1agg, /JUTbb.C.E. 710 

THE PURIFICATION OF AEWAQE. 

Bcini 1 Brief Accoant of Ihe Scientific Principles of Sewue PurifiuiiDn, Hud 
thrii Pracliol AppllcuioB. By Sidhet Baiwisi, M.D. (Lond.), B Sc., 
M.R.C.S., D.P.H. (Curb.), Fellow of the Suiury Inititute. Uedical OHiCEr 
of Hekllb to tbe Derbyibire County CoundL Second Ediiion, Koind uid 
Eiil3i£Fd, within Appendix on the AnElyiii of Sew>|e and Sewage KfltBcnci. 
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VENTILATION: 

A Teit.ltook lo the Practice of ibe Art of Voi 
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CARPfNTHY, TIMBSa, **. 



CARPENTRY, TIMBER, ETC. 



PRACTICAL FORESTRY. 



a Ennui. Br CKtKLB K. Cm 



iL thi Call«iE of Agiicnllm 



. Cnmrn Bvo, doth 



WOODWORKINQ MACHINERY. 

lU R4», Pto^tob, Mad CorutrncCuil. With ttina 00 ttaa MAiift£«ncat of Sav 
Mills Mad (be E€:«iO]nJcal ConvcruDfj of Tioibs. Itliumlnl with KJIunpkl 
or'K<«iiiDH'giu)>y;e>d<neKnKlith, FrMch, ud Amerion Kmtinan. Br 
M. Po«» Baui. M.lnu.C.E., M.l.Urch.E. SKood SdicioD, Rcxiied, 
wtib loTKC Additions, luge ctDTD SvD, 440 pp,, cloth . , . . Q/Q 

SAW MILLS. 

Tbcir AmnEtment and MuucBani, and thfl Ecmniial Coavcnjon of 
Tinbu. Bf M. Pawi>Bu^^.lo«.CE.,M.l,MEcli.E. Second EdiiioD. 
Revued. CiowD In, cl«h 10f6 

THE ELEMENTARY PRINCIPLES OP CARPENTRY. 

of Timber, and tiie Construction of Flooit. ArcbeA. tindfb. Roofs^ UdiCIQI 
lion and SioDe with Timber, &c To wbidi ii xldnj aui )uuy on tbe Nuure 
inrt PtoprrtiM of Timbei, ftc, with Descriplioni of tlic liiiuii of Wood lued 
ID Bnildlo«; >lia numeiovt Tibia of lbs Sootlinn of Tin>Mr lot dIHetenI 
pnrpaus,ibeSpedficGi>viiinofUuerUli,&t. BrTHoaiAsI ■■Dcoi^, C.E. 
Willi u Appendu of bpecimeiu of Vuiou Kood of Iron ind StoiM. lUtu- 
Dued. Se>enib Edition, Iboiouihly Reviled ud coaHdenhly Enbirted by 
K. Wykdham T**«, M.A., Aubor of "Tbe Science of fiuMng," ftc 
With &1 Plato, Portrait ot tbe Aiubor, nod tvrtral Waodcais. Iti One lu-n 
^ Vol., 4to, dotb . ,; . . ■ CI Ba. 

THE CARPENTER'S GUIDE. 

O], Book of Lifia for Carp«nt«n. ; camptiant all the Eleoentary Principle* 
«4eiitiiU for acqairine a knovlcdee of CarpqitTT, Founded on the late Pxt» 
NlCKOUOH's standard woik. A^ew Kdilion, ReriKdby Ajm.O« ASH^iTtL, 
F.S.A. Togrlbtr with Practical Rula on Dtawing, br Gioici PyH>. 
With 74 Plana. 4to, doth £1 1i. 

CARPENTRY AND JOINERV- 

Thc Elameiinry Prinolplw of CaipenUy, Chiefly composed fram Ifae 
Slandard W„[k of T. Txecodlq. Wlt^ Additions aiXi TtealLse on 
Jolnerj by E. W. T«iN, U.A. Eighth EdII Ion. Crown Svo, clnlb 3/6 

Atlas o( 3S PlaJH lo acconipiui)' and lUiutialE the (oragolug book. 

Wllh Oescilpllve Lelletp'e^ 4I0 6/0 
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ROOF CARPENTRY: 

Prutlnl Lcuani in the Framrng of Wood Roof;. For the use of Worklna 
Carpenlrts. Bj Cto. CoLLiKoa. Crown bia. eloih .... a/O 

CIRCULAR WORK IN CARPENTRY AND JOINERV. 

A praclLcil TrMllse on ClrtuUr Wcrk of Single and Double CunTilii™. 
By George CoLLiNos. Fa^rili E<litlon. Cronn Svo. cWh . 2/a 

HANDRAILINQ COMPLETE IN EIGHT LESSONS. 

On Ihc Sqnm-Cm SrHta. Bf J. S. GoLDTKOir, Tacba af Gtomatj 

ud Buildtaii Ccnuruclion ■! Ibe IfilUu M«hiuiici' InHilnu. Witb £i(lii 
PtUMisd sm iss PncliaU Eoichh. ,\a, ciMb .... S/S 



PRACTICAL TREATrSE ON HANDRAILINO: 

Bhoi.liii; '■ Mh.-d'. By Geo. COLLiBcs. ThLrd EdltloB, 

InclTLlif. ■ ■ ■! Mllrig. Crown 8vo, oloth . . . 2/6 

THE CABl,Nbl-jMAkhR'5 QUIDE TO THE ENTIRE 

By RiCHjkiio l>iiMi^Ai>. lUqnrued with PUnt, Sactioni ind WnrkinE 
Dnwinci. Crown Bva. clolh 2/ti 

THE JOINTS MADE AND USED BY BUILDERS. 

By W.],r«fllil,-. wit], Hy,\V(-D,ki]l=. Crown BvQ. do.h . . a'O 

i'k-S, mwiF-R MERCHANT'5, AND 



TIMBER I 

B(.ill. 

ByK ( 



TIMBER MERCHANTS and BUILDER'S COMPANION. 

Conlunini New and CcpicMis Tablet at the Reduced Weiehi and Meum- 
inenl d( Deal! and Batient, ot all tins, and oihet Uieful Tablet for lb> d 

Tivbei Meicbanii and Builderi, B* WiLuau Do ~ ' 

Reriied and Cmeciad. Crown »vo, ilolh 

THE PRACTICAL TIMBER MERCHANT. 

, Snrreyon. BsOdtn, Ac., 
d wHh Ihe Tiubef Tiadc. 
Ronuukt <n the Oio 
, Fcap. an, cbtb ■ 
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comprUbg uteful Tablet for all pvrpotet connec 
Marki of Wood. Exay on [be Strenifih of Timbei 
Timber, &<. By W. RicHAuaoH. Second Edilii 



b Edition. 
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PACKINQ-CASE TABLES. 

Shawing Ihe number of Superfdal Feet In 
incbei iquare and upwardi. By VI. Rich 



GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated Iram i lo loa Inches In leneih, hy i to leBlncbe 
Builders, AcT By ). HoBirKQS. F^Jlh Edition. CiownSvo.c 
ii(Bi|ar«elalmiMu^BiaDi."-f»u-'U*Kn**ntt."" ""^ 




DECORATI7B ARTS. 



DECORATIVE ARTS, ETC. 



^1 Tunght (nd Prictucd by A. 



Royal (dia, iSt by It} in 



f^mtm ^^HDi -o. •k'^Ki 






HOUSE PAINTrNO, ORAININQ, MARBLINO, AND 

Man WRITING; 

Wiih u CauHE of ElEHientuy Drawlnc. indaCotlecUaDof ITsaful Receipts. 
By E. A. DAVIDSON. NintbEdltlon. Coloured Plates. Cr. Svo, cloih . ^/Q 
■,■ Thi abovf, in t'olh ivatdt. tlmngly bimKil. SlO' 

ELEMENTARY DECORATION: 

A!ApplledlaDwel]lng-HoDKS,&c. ByJ.W.FAcn. Cr. Svo, clotb 2/0 

PRACTICAL HOUSE DECORATION. 

A Guide lo the Ad of Ornunentil PiJnllDg, the atrangemi; 



nciplei 



oE Decomtive De^go. By Jau 



• Thi 



Decor 



I, Eliu 



hulf-U 
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ORNAMENTAL ALPHABETS. ANCIENT ft MEDIEVAL. 

From iat Eiatith CeDlDi)'. willt Knaenb; inclndini Golbic Oiiucta>Tcxt, 
luEE UMi IDlAll, Gnmin, luUui, AnbHqiic, InllilU (« IllumLnuian. 
Hmioruu, Cfouei. &!:., In the OK or Aicbileciui^ ud KagiceeiiaE 
DraugbuineD, Miuil Faintetl, Muoni, DccorUlve Painters, Lilhopaptaeii, 
Enguvon, CM-vm, Ac.pic. Colleqled and Enpaved by t. DlI^MOTTB, 
and piinied id Coloon. Ne- and Cbeatxr Editioo. RoyiU Ivo, oblonj. 
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DECORATIVE AHTS. &c. 4: 

PAINTING POPULARLY EXPLAINED. 

ByTHO¥A3joHH GutLiCR. Pilnlei, ind Jshh Tivbs, F.S.A. Including 
M^lure, Pu'iuVde on Ivory. Vdluin) ■piAltiy. EauniCSl^ Ac. stith 



aLAS5 STAINING, AND PAINTING ON GLASS. 

From Ibe GenniD of Dr. GSEMliT und Ehanuil Otio Fbohbkig. 
jui Appeudii oil The An or EaamulUng. Clown Bvo. clolh . 



NATURAL SCIENCE, ETC. 
THE VISIBLE UNIVERSE. 

Ctutpxi. M ue Orilln iDd CoBHracuoQ ol IM H<snD>. Uy J. S. I 
r.K A.3., AniBoi of^'Siu Gtoap>, 'Ac. Illunnicd byASidlu Pboioi 

STAR UKuUPS. 



e u Itic CouiElluioiu. Ur J. KuAiD UuH, rR.A.S.. 

M.K.I. A., &<;.. Autliot of "The Visible UniviiK," "Tbe Scedbt of Itii 

Hu-«n>, ' Ac Witb 30 MapL Smill im, clotU SfO 

AN ASTKUNOMICAL GLOSSARY. 

Oi. Uictu^riuy al Tcrnu ohkI In AitronomT. With labia, ol Dua and Uai 
<A Ncnuuiiiiblc and Imeieuint CcLeuia] Objecu. By J. Kli^id GoBe. 
f.R.A.S.. Anibwof "Tb«VietltUnivm-,"&c. Small et.:«i t™, doth. 

ASTRONOMY. 

Br Ihc laie Ret. R. Maih. U.A.. P.R.5. TTiIrd EAIIan. mvliad fair 
William Thvi.«>L»mh,B.A.,F.R.A.S. Crovm 8to. cl«h . . ^(6 

THE MICROSCOPE. 

and <h^ fiH and Fniun oT Iht MictoKopc. By Ur. I^ink^ >aH Hbuick! 
by wJI.1.1 E. Bai^. F.OS. Tinp™ o, cloU, . . ' . . 18'0 

MANUAL OF THE MOLLUSCA : 

ATreaiLvonKKcDIaodFoullSlMllt. By Dr. S. P. Wdo»wa>d, A. L.S 
Wiih Appendli by Ralph Taix, A,L.S., F.G.S, WUfi numcroiu Pliiet 
and 30D iVoodculs. Crown Bra, clolh 7/6 

THE TW|^ RECOKDS OF CREATION. 

By't;.'w°*'.!ivA""*.o,'doU>"™. """""^ '■°"" 5j(j 

LARDNER'S HANDBOOKS OF SCIENCE. 

HANDBOOK OF MECHANICS. 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

Reniedand BQlarted by B. LUBWV. F.R.A.S. Pou Ivo, dub . 5IO 

HANDBOOK OF HEAT. 

Ediud and ig.vrlnan br B, Lnrwv, f R.A.S. Pox Svo. clolb . 6/0 
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LARDNER'S HAJVDBOOKS OF SClEHCE-ionlmutd. 
HANDBOOK OF OPTICS. 

NcwEdtlion. EdilKlbr T Oi.vi>Ki>i>i>Hi. B.A. SmiU S*o, dolb S/O 

ELECTRICITY, MAQNETISM, AND ACOUSTICS. 

Edilrd by G>o, C. Voi^s.^. it-A. Snudl Bm, clolti .... B'O 

HANDBOOK OF ASTRONOMY. 

. ReviKduidEdiicdbyRDOiH Dd-kih, F.R.A.S. Era, cIMh . . 9/8 

MU5EUA1 OP SCIENCE AND ART. 

Wiib upwudl of 1,900 EnKiivinKt. Id Sbi Double Volumd, £1 1' 
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NATURAL PHILOSOPHY FOR SCHOOLS 
ANIMAL PHVSIOLOOY FOR SCHOOLS 
THE ELECTRIC TELEGRAPH. 

Rcvittd by E. B. Biinirr, P.R,A.S. Tav- >><>> cloth 



CHEMICAL MANUFACTURES, 
CHEMISTRY. ETC. 

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PRTROLEUM INDUSTRY. 

of RuHiu Oil Pinpenliti. includlnE Nolt* on the Origin of P«iolEiim Id 
Riuiii. K DHCrlpiion of LliE Tbaary and Pmcticc dF Liquid Fici, and ■ 
Tnnilation ef Ibe Rulei and Ruulalioni cannminc Riuiian Oil Pmp^rdo. 
Bj A. Bebbv Thomkoh, A.M.I.M.E., lale Chief Epaiiua and Muiagci of llw 
EorDpcan PcEiDlBiim Compony'H RiudHti Oil propenm. Aboot 500 pp.. with 
autneroiu Itliulnlioni and PhoUignptuc Plalo, and a Map of tbe Balojiliany. 
SalioODidiy- Romany Oil Field. SniRr-iaral ivo, c\Mb . . Xit £3 3a, 

THE i<^ALVSIS OP OILS AND ALLIED SUBSTANCES. 

By A. C. Vtaam, M.A.Oiiai,. B.Sctxmd.. rocmerly AuiflanI LnHnier id 
Chcmisuy al tbc Votkihire Colltvc, L«d>. and Lccinicr in Cbemiurv at the 
Hull Technical Ei:bDot. Demy Svo. clolb liU BfO 

A HANDYBOOK FOR BREWERS. 

Being a Ptacliul Guide 10 ihe Art of Biewing ami Malting. Erabracini tha 
Condu^oni Qf Moltrn Reieaicb whicb bear upon the Practice gr Biewim. 
By HaaacxT Edwauh Wbiuht, M.A. Sei^ond Ediiian, Ealaiged. Crown 
Byo, J30 pp., doth ... 13IS 



A POCKET-BOOK OF MENSURATION AND OAUQINa. 

Containing Tablei, Ruin, and Mematanda fut Reveniit OSc« 
Spirit METCbuiu. &c By J. B. Maht, Inla ' ~ 



Socond KditiOD. 



CHEMICAL UAHVPACrOHES, CBBMISTBY, «<. ,3 
THB aA5 ENaiNEBR'S POCKBT.BOOK. 

CanpfisinE Tiibia, Nots ind Mimonndi reluioz to lh< MunEuinn 
Dioribulion lod Uh of C<al Gu uid the Conanown of Cu Worki. B) 
H. D'CoHHOii, A.M.IIU1.C.E, Second Ediiun.ReriiEd. 4T0pp., crown l>o, 
folly lUiLUnled, leuha 1O'0 

UOHTINQ BY ACETYLENE 

GHiBT.rori. Bumtm, mnd Eltctric Fnmm«.. By William E. Cibu. M.K. 
With «6 Illu»rUiaiu. Ciown Svo, dotb 7/0 

BNaiNEERlNG CHEMIATRY. 

A Prkcticd TieuiM foi Itw Uu of AiuJyllciJ Cbemiiu, EncinEcn, Iron 
MuieiL lion Founder!, Stiidenu uvt othtrt. ConpTuinvMeibodtof AdkIvhi 
■nd VlJlulion of lh> FtiDcip>l MUeriili luwl in EnginRrinf Work, vilb 
aumeoai Aiulyia, Kmunpls and Snggeuiont. Bj H. Ioshdh PHiuin, 
F.I.C, F.C^. Third Edidon, ReviM? and Eoluged. Crown a.o, <» pp., 
wilh Pliin uid Dihir IllanruiaDt, doita ^" 10fO 

NITR0-EXPL0SIVE5. 

A Pnclical TnuiH coocaiHaft tbi Fnpsnto, Uunfaanr*, and Aoalyib 

of NiuUcd SahniiDcs, inchiiUDt Iha FnlniinMw, SbmIkIbi Powdcti, ud 
Celluloid. ByP.GiuLD5AHFoa£,r.I,C,CoanUiBiChailKioib>CMiaii 
PowdnConponj, Linilwd,l[c With lUuMntiou. Drown Bio, elMh. 9/0 

A HANDBOOK ON MODERN EXPLOSIVES. 

A PrMcli™! Tieuiie on ihe MmufActme and Uk of Dimamltii, Gnn.CottOB, 
Nitro-Glrcciioe und other Eiolotive Compaanili, inclodini ColiixliDa-Caitoii. 
WithChiplenon Eipk&ivu in Prulical Applicuion. By M. EissLiii. M.E. 
Second Bdiuon, EnlarfEd. Ciowo Sm dntb tSfB 

DANQEROUS QOODS. 

Theii Sosrcei ud Ptopeniei, Model of Slongs uid Tisnipotl With Noiei 
•nd Commenu on Arcidtnu eriMng Ihereftom. A Guide fo. Ihe U«e o( 
GovmuKnt und Railway Ollidili. Steuubip Owneii. &c. By U. Ioskd* 
PHiLLin, F.I.C. F.C.S. Crown Svo, in pp.. clolh .... 910 

A MANUAL OP THE ALKALI TRADE. 

lodndinl the Manafutiice of SulphnrLi: Acid, Sulpbwe oF Soda, and Bleacbinf 
Fowdei. By John Lomas. Alkali Maoufactaiei. Wiib oji 1 IKutiatiou 
and Workinf Dnwinsi. Secsod Kdilion. wilb Addiliou. Soper-iovaJ Ivo, 
_cl«>i «1 10.. 

THE BLOWPIPE IN CHEMISTRY, MINERALOQY, Etc 

ConUinlni all known Metfaodl of Anhydranl Analyni, many WorUni 
Emunplei, >nd iDUrucliont r» Mak^n* AppaiUoi. By Lienl.'Colaiiel W. A. 
Rose. R.A.. F.G.S. Second Edition, Eofarged. Crown tn, clotb . S'O 
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THE MANUAL OP COLOURS AND DYE^WARES. 

Tbeir ProptfTtiH, ApplicATioti*, Valujuioiu, Impuritis mad SopJiiicicAtionL 
Fv Ihe Uk oI Dtcti, PrinierL, DryHltBi. liiokcn. &<l Bf J. W. SLjtTBi. 
Scccnd EdilioD, Reviinl tad (nUlr EDlutEd. CiDwn Bvo, cloib . 7/0 



THE ART1ST5' MANUAL OP PIQMENTS. 

AUulUiuiont, &c..'^'ih°^HU of ParilT. ™"h. fc. StaboagS!'^^! 



INDUSTRIAL ARTS, TRADES, 
MANUFACTURES. 



THE CULTIVATION AND PREPARATION OF PARA 

HUBBER. 

By W. H. JoKMSOM, F.L.S., F R.H.S., DLiwior uf Agrkuhurt, Gold CoMI 
Colony, Wbi Africa, ComniiHionca by GovaTiiiitni in igw lu viiit Ctyloo Is 
S[ii<l]r ihi MEitiodi employed Ihen in tbc Culumion md PnpmtioB oT 
Pus Rubber and DLbtr Africuliml Ssvia *« Mmtel, viih a view to tolro- 
duce IbcD litfo Woi ATrita. DcurBw. <:lot>> ■ ^ ■ ■ Hit jm 



RUBBER HAND STAMPS 

And Ihe Menipnluioa of Robbei. A Pn>>.-iiia] Tmibe on the Hunnhaon s« 
Indmrubhsi Hiuid Sumpi, Sm all Ariklr> of Indianibber, The UekUnuli, 
Spcdal Ink;, C>^inenu. and A!li«9 Sabiecit. By T. O'Coxoa Sloans, KM.. 
Pb.D; With numcroui llltuIraliQ.ii. S^UDre Bvo, clotb. . . . BJO 

PRACTICAL PAPBR-MAKINQ. 

A Manual fof Pauer-Miilcan and Oinxn and Mai>ai«> of Piuci-Hilli. Wjtb 
TaUei, Calculuioni, Ac. By G. CLAI>PIHTaH, Paper-Maker. Wilb tlhu. 
ualioni of Fibrct fiDm Mii30-PlioIDgra|^i, Clown 8vo, cloIb . SfO 

TttK ART OF PAPER-MAKINQ. 

A Praclical Handinakof Ibe Manulaclure of Paner liDin Kath Kiparto, 
^oin Wutc Liqaan! 



, ofPolpfr. 

Wood Pibia, vilh a DcKripIian of the Madunerr and Appliuicn n»d. ' 
'■■'■--- - - - JafiooiV -■ 



. TREATISE ON PAPER. 

For Prioltn ud SlUionen. Wilh an Outline of Paper Manulacluie ; ComplBU 
Tablei of SIh, and Specimena of DlBnenl KikU of Paper. By Richud 
P>*kiHtoii,UuorUieUaiKfaea»rT«diBicaJScbiiaI. Demy Bvo. dotta 8W 



INDOSTSIAL ASD OSBFUL AKTS. 
TUB ART OP SOAP-MAKINO. 

A PuKiiuU Hiuidbook of Iho Minutaciuic of Hud uul Son 
Solpi. Sc. Including many New P1DCI3K1, and ■ Chaplcr on ll 
GJyceiitic fiom Whmc Lvyi, By Avkxakuba Watt, S 
LaclwlinE ILD AppendiK on Modern Cu3dlemAkin£- Cfown Svo, 

U • mid U ^^C luhnkd U»niiin.'-rAn>r., 



THE ART OF LEATHER MANUFACTURE. 

A PraciicAl Handbook, in wbkfa (be Operitti 

I«Uh« Drrasing uc [ull^ D '•-' ' ■■-- ° 

Togethtr wiUi i DacriplUni 



oak. in wbicb (be Operntioni of Tiuinini. Curnrint ud 
E[iill^D«cribed,iuidlh>Priadpl«of Tunnbu Bnluml. 
icription of Ihe Aru at Gll» Boillnl. Gal nrwlnCi Sc. 



ART OF BOOT AND SHOEiKAKINQ, 



i«y EDip^yeil. I)y J 1. 



COTTON MANUFACTURE. 

A Uiiiu.1 of PrKticJ loitiuct™ 

Cnmbint, Drlwinc, Doubling ind Spinning of Cc 
Fo« lb- Um of OpMrni«r^ O' 



gf Opinir 



WATCH REPAIRINO, CLEANING, AND ADJUSTING. 

A Practical Huidbook itraling witb Che Mateiuili ind Tooli UteJ, vul the 
Meihodi of RcniKng, Cluning. Alining, and AdjuilioE ill kind* Bt Englltfa 
and Foreign W»ch», Rcpmien, Cluono|taub> ind Huine Cbronamelen. 
Bt F. I. GnmiAiiD, Sprineetnnd Adjiuieiof MuinaChioiHiintieniml Deck 
Wucbei foi the Admiinlly. Wilb ovEi loi IlluHWiou. CioKD S>D, ck>Ib. 

JV« 4'6 
MODERN HOROLOGY, IN THEORY AND PRACTICE. 

TrusslMeil from tbe Fttncb of Cuudius Sauhiik, ei-IKiictor of ibe Scbool 
or Horoloey U Macon, by JULiKK TairruH, F.R.A.S^ Bcuncan Waii± 
MunufKluier, *iid EuwAID klGC. U .A.. Aiuy« in (be i.iiytl Uinl. Witb 
Seienly-aiiht Woodsuu md Tweoly-iwo CDJaiued Copper Pl»le«. S«oiul 
Rdiiion. Super-iny*] (n, £2 2a. eletb ; balf-oUf . . . A2 10^ 
~bb InfHM ■■ «ll la ^ eoa uM d la Ula ofodac- 
■K~tl ttSka KKd « ■ (>ddr«ii Iha m^ Kd 
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CLOCKS, WATCHES, & BELUS for PU8UC PURPOSES 

A Kudimenlarv Treallw. B. Enyuso Buckitt. Lord Cdihthokpb 
LL.D., K.C.. F.R.A.S. Elghib Edition, wllh new Uil of Gnu Balls and 
an Appendix on Woalhenooki. Crown Bva, claih .... t^/S 
:• Thi alKvi. kattdiomdy ImKd. CMS Baarii. B!B- 

HISTORY OF WATCHBS ft OTHBR TIMEKEEPERS. 

BT I^mb F. Kikdal, M.B.H. Iui. IfSboiidil orclolb. gill . 2/6 

ELECTRO PLATINQSELECTROREFININQOFMETALS. 

B(ing»n.«'fdiiLoBOt Alkxandkh Watt's "Ex.Kcrmi- Deposition." IU- 
viied and Largely KewnLlrn by Aiinold FHiur, H.Sc.. A.l.E.E,. Piinctp^ 
AHiHunilotlie Admiralty Chfiniai. Lugt Ciown 9«o, e!«h . NU ia/S 
- ■ !• -o* cu b* hi*!;^ ™;i • . - 

GLBCTROPLATINQ. 

A Pnelkkl Handbook od [be Depodlioa ai Copinr, SDnr, Nickel. Gold, 
Almuniiin, Bna. Pluinum, ftc, &c By J. W. UiquHAitT, C-R. rifth 
Edirin. Rcriicd. Crown tm. cloih BIO 

« woA. il.U^hi «»« liiliHiiiS;ia.--d«b(l-J 7~~t 

ELECTRO-METALLUROV, 

ITattlcilly Tfcaled, By Alk>ahd£b Watt. Tenlh Edillon, eaUrged and 
rpvlwd. With Additions! Ulntirallona, and Incltullng Ihe mas Recom 
Proeeises. Crown Svo, doih _ . . 3/6 

QOLDSMITH'S HANDBOOK, 

Conlidtilng foil Itislruclions In the AR of Alloying. MelUng, Reducing, 
Colnurlng, Collecting, and Refining. Ttas pioceuei of Manlpulalloo. 
■y of Wmle. Chemloa) ajld I>hy»lcal ftopeitlei of Gold; Solders, 

_,.s, and oilier UMfitl Ku!« and Recipes, te. By Ciokos E. Ceb. 

Slilh EdlUon. Crown Svo, clolb S/Q 

SILVERSMITH'S HANDBOOK, 

On the same plan as fbe above. By Cxoaas E. Cu. TLlid Edilloo. 

■■Al°l!I'bi™u!HoV.;,,i, ,■■- ■ ■ ■ ■ -_■ ■ ■■ ■ ' *** 

'.* Thi [■<n pTicidii^ Works, in Oiti haiiduimi folumi, haljtouid. nlilltd 
•• Tub Goi.osulTil'E »sn Silveismiim's CouvutXE Hakdhook," T/0. 

JEWELLER'S ASSISTANT IN WORKINQ IN QOLD. 

A Piactiol Trotin foi Muen uid Workmen, Conpiltd fien The Kiperienca 
DfTbiitrVeui'WarkibopPiullce. By Gioioa E. G». Croon l*o. 7/6 

HALL-MARKINQ OP JEWELLERY. 

CamndElne an aocoLint of all Ibe dlSetenl Assay Towns of the United 

employed : alio Ibe Laws reLulag la 

C«. Crown avo. doth , . . """^ *^^f O*"'; »>■ Ci=™« E. 

ELECTRDTVPINa. 

Tbe RejmduclioB and Moltiplicaion of Prinltng Snifuei and Woriti of An 
bT tbe Elecno-Depoulion of Melmls. By J. W.OeqUHAitT.C.K Crsn Ivo, 

''o^ BIO 

" T>w bdQk t, chom^tity pnctlcil L tbc nadar It. Unnbiv, cooductsd Ibn^b ttm lo^dlDq 
w< DfalKItlcky. thm IkmiEti ih* vacilB uiad bralBCtiDmHn, llw ■ppwHui. ud (ha 4t0«ati^ 



i 
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INDUSTKIAL AND USEFUL ARTS. 
MECHANICAL DENTISTRY: 

A PracUcal Trullw on Ihe CoiMitiicllon of Ihe Various Kind 
Denturei, cnmprisinu also LTscful Poimuta, Tables and l^ 
C. HuHTEB. Crown 8to, oloth 

BRASS FOUNDER'S MANUAL: 

Inslrucllons for Modelling. Patlein Making. Moulding, Tun 
W. Gr*h*m. Crown avd. clgih 

SHEET METAL WORKER'S INSTRUCTOR. 

CompHiing m S«1«ction of GeometiJCAl PToblcmi mad pEacticaJ RuL«t for 
DElo-ifains the Vuiau> Psiurni Rcquiied bv Zinc, SbcH-liiin, Copper, ud 
Tio-PlueVotksi. By Rkuuh Hehiv Waiin. Prulicul Tin-Plua Woclwi. 
New Edidon, REviied ud treuly Enluged by Josiru G. Haxni, 
A.M.I.M.K. Ciowo Sro, 114 PP'. with 4]° liruiuuuu, cloUi . . 7'6 

SHEET METAL-WORKER'S GUIDE. 

A Practical Handbook for Tinsmlibs.Coppcisaillhs, Zlncworkus.Sc.nltb 
46 Dlagranii and Woiklng PailGnii. By \V. J. E. C«*n». Fourlh Edition. 
Crown avo, Cloth 1/S 



1 Bwci. Revtaed Edition. With 1 



TEA MACHINERY AND TEA FACTORIES. 

A _[>«cripllK_ TnailH on Ihe_ Michuiic^ Appluocu requiief 



Cultinulon oCibiTEa Flam and tbe Prepuatio 



Medium iro, ^Ofl pp. 




FLOUR MANUFACTURE. 

A Treatlie on Ulllini Science and Practice. Br FniDiicK Kick, Impetlal 
Retfterunnmb. Piofesaor of Mechanical Techoaloer in the Imperial GwmiiD 
PoJytBchnic InatiEnle. Praeue. Trarulaied riom the Second Entarfed and 
Reviled Edition. By H. H. P. PowLn, A.M.InH.CE. 400 |^, <Hih 
ilding Pbiwa, and 161 Woodcuu. Ronl In, cbKh ■ A1 Sa. 



ib» to t'tOlit tbenurim i^bftgtt.'—lSS&n'Gitai 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakot. Confoctioaen and PasCTTCoolu : indndiDE a varJetv of 
Modem Recipes, and Remarlu on Decorative and Colouied Work. With in 
Original DbIidi. By Romit Wells. ' Crown Bvo. clatb . S'O 

BREAD & BISCUIT BAKER'S « SUOAR-BOILER'S 

AAAISTANT, 



I 
I 



4S CROSBT LOCKWOOD » SON'S CATALOGUE. 
PA5TRYCO0K ft CONFECTIONER' 5 QUIDE. 

MODERN FLOUR CONFECTIONER. 

Craiainme ■ Uitc Collection DFRccipofoi Cheap CiIiei, Biicuiii. Ac. Wlih 
r>D»ik>oi>IbiInin«li>nuU<«lm iW ManuF>ciD<e. i);R.WBus I/O 

SAV0UR1E5 AND SWEETS 

Siiilnbk for Loncheciu .Bd Kinn.n. By MLh M. L. hiASa (Hn. A. 

M«rAiiiE), Author of " Bial<rau Diil.u," kc Thtnieih Ediiian. Vaa 
»vo, «wed l7S 

BREAKFAST DISHES 

Per Ewry Morning of ThiMMonlli!. By Mia Allib (Mrs, A. MaCAIM), 
Author of "Si.Dnriel nnd Sw«cs." &c. 1 wenty-Kcond Eduion. T'cap B-a, 
«-«l ■ . I/O 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 
By A. J. WALns-TAViii., A.M.TnB.CK Crown a«,. dmh . . 4.16 

FRENCH POLISHINO AND ENAMELLINQ. 

C?own^BVo.clmh '^'. '" . '"I""'. "''^": ".* ' : 'T"l*6 

CEMENTS, PASTES. OLUES, AND GUMS. 

A Guide lo Ihe Minufaclure snd Aopllcalion of Autlullnuils for Woikshop, 
Luboi-Atory. or OKce Umu Wllh 900 Recipes and Faimuls. Bt H. C. 
^SiA.DAOi. CrownSvo. cloth am 

PRACTICAL ORGAN BUILDINO. 

By W. E. Dickson, M.A.. Precenlor of Ely Cathedral. Second Bdlllcn, 
Revised. Ciowa Sio, elolh QlS 

COACH-BUILDING: 

Cr^fi™.clo™' ! '""*? " DescrtplHe. j .^ . "■'O'sSj 

SEWING MACHINERY. 

ConsiruMlon, HislQiy, AdjUBHng, Ac. By J. W. UaguHART. Cr. Bto 2/0 

WOOD ENQRAVINQ: 

A Practical nnd Rasv Inlroduction 10 Ihe Study of the Art. By W. 14. 
B>,ows. Cr^wn B.D,clo.h 1/6 

LAlJNDR^■ .ilANA<it;A^ENT. 

AIJ.i ■ ■ .■. .i.c.^dPublioL.i«idries. Cr.8vo,clolb 9/0 

wnnktUi L, h 'I iT»Fhrk»»r ApplUncef tcKlipnbodi.''— 7'A'OH'n. 

CONSTRUCTION 01- DOOR LOCKS. 

From lh.= P..i«rs of A. C. Houm. Edited by Chablks ToHUHSOH, P.R.S. 

WIIhiNnleupDnIiio-S>rFs1>y RobehtiMali.kt. Cr. B'o.cloih B/a 



INDUSTRIAL AND USEFUL ARTS. 49 

HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 
Author oi ■■ LalliL- Work," ic. Ct own avo, 144 PP. price 13. cBcS. 
1^ Tina Hahdtk»ic9 Imtit bHu mnilm to npply tnformaUim /or WoiniiM, 
Stddbiti. ami AnATiuits m thi umtal HatvUctaHs, on tin achtai PnumcK a) 
III* WonHMor. and art tnlmiUi la cohviji m flam laKguaei TKCHKICal. Kmow- 
LIDCEd/tMHHraJCum. /■ dnctibing Hit prttiUH •mfievKl^imd IhtmaHifu- 
toMM 0/ HwdpidJ, «»*iAd^ Mmu apiuiS; worlakoHnaitiei it /uUy tx/Jaiitsil : 
ami Iht Unl ii friily aiuilratU thih *ra.iiiiitt 0/ moiirm looli, apfliancu, and 

METAL TURNER'S HANDYBOOK. 

A PiKliuJ Mjuiuil fin Wmkirl U [be Foot-Luhc. Wilfa loo llluiUUloiu. 

1/0 

WOOD TURNER'S HANDYBOOK. 

A Piaaictl MiuiueI (or Waikcn u the Luhe. Wilh am im lUimnlleiiL 

WATCH JOBBER'5 HANDYBOOK. 

A Piutiul Muluil OD CIuoIhk, RepilriiiE. and Adjiiulnt. Wilbgpnidl ol 

PATTERN AlAKER'S HANDYBOOK. 

A PiAOicAl Uuiiu] DD [he Conitnictign of PUHiru for Foondan. Wilh 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Pracdoi] MwiiuJ on MKhaiiicA] MAuipcUAiion, embfafins InfoiABtloq 
on nrloiu Mudkiafi Pidcch«. Wlih liitfal Noui ud Uucelluicoiii 
MEinDtiuHla. Campriting iboui rx Suliiccu . ^^ . ' '"Q 

MODEL ENGINEER'S HANDYBOOK. 

A Pricticil MjuimJ on the Consuuclioo of Modd Slam EngliHt. With 

CLOCK JOBBER'S HANDYBOOK. 

A Priclical MuiiuJ od CluuiDi, REpniiini, ud AdJoBlDi. Wllb Dowacdi ol 

CABINET WORKER'S HANDYBOOK, 

A Prutioil Miuiiuil on ihc Tools, Musiali, AnpUuicei, mid Prkuhi 
cmpJored in Cabinet Wotk. Wiih upwudi of mo l.luiuuioni . 1I0 

WOODWORKEI^S HANDYBOOK. 

Knbnidu InfbnBHiaa 011 tb* Tooit, Uueiuli, AppJumca ud Ptooihm 
te^^wfia Wnodrnkini. With lot llliutniiou ' '"9 

tea to coaw yi kn«Lad|* u «h— V— Ja^ ■— ! imf.^ 

Ud ba pndynd 11 « MHto nlGK '-^Sctfttownv . 
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COMMERCE. COUNTING-HOUSE WORK, 

TABLES, ETC. 



LE5S0NS IN COMMERCE. 

By Piefuur R. GAKkniD, ot ibe Knyal Hifh CommaciBJ Scbool u Gusk. 
Edited ud Reviied bt JahisGault, ProlcHac of CgmniKcc and Commaciml 
•--■-•'■— ■-'■nll.gctondor "i'-- "J--:— f- ■-■ - ~ — 



THE FOREIGN COMMERCIAL CORRESPONDENT. 

Firncta, G«ni>n. Iwlian, md Spaniih. B)r CamtuD E. Eakiil fbinj 
Ediiton, Cucful^ Rerlud Thnnghoui. Crown Bvo, clolh . . 4/S 



FACTORY ACCOUNTS: ttaclr PRINCIPLES * PRACTICE. 

A HklKtbook f« AcCDOnUnu Mjid Muiu^LomL with Appendics oo lb« 
Nonendunre of Mlcbine Dclmili; Ibe Income Tu Acu; the Killni of 
Ttaana: Fitaud Boils Iniurance; (he Ficion' and Watkibap Aiu Ac. 

By Ehiu CjlkkkwZj? H.'fblli. Fifth %d?d«i, K.e<-li^'u^°Kaimiar4. 
Otmj Bvs, cloth T/8 

MODERN METROLOOY. 

A MinDiil of Ibe Meliiul Uniti and Sr«eDU o< the pnwit CeatntT. With 
%a ApiHfndih coalAinitiE h tnopowd Envii^h SrHem. By Lowis d'A. 
laCKSOn, A. M. 1d>i. C. K.. Author of "Aid to Surn< Piulice," &c. Lvn 
cm«. B.0, cloth 12/8 

A SERIES OF METRIC TABLES. 

tn which the Britiita Siiuidiud Meiuum ud WciEhtiuE camnied wltli ihoH 
of Ihe Metric Syiieni upretcDiin Use on the Caniiiienl. UyC, U. DowUHC, 
CE. »vo,cl«(. 10'S 

IRON AND METAL TRADES' COMPANION. 

Poi EllKlitiaiulT AKCtuininE the ViUiie at any Goodl boagbl 01 mid by 

ooe >hllline per pouod. By Tfidhas Dowhie, Strtinel; bouodia leubet, 
J9*PP. 9fO 

"ADHKUietulfeloriAlJlBAvDDEhlnvUkAlbBiDbBrcineilitBd.'— A-tfJiH/ Nrma. 

" AMwni^ tpeciiUy Kinpled 10 ttve Ino ud ntul u«lek tbvuUee «ia tw hibkd aattui lb 




NUMBER, WEIQHT, AND FRACTIONAL CALCULATOR. 

Conlaii^ff npwsrdi of 910,000 Scpuaie CAtcnlHliou, ihovine at ■ GIuih tiw 
Vilnc u 4» biflncDl Run, nnimg ham ^,tb of * Pcnnf iojdi. cull, or |Hr 



qn., bid Ibt. fTom 1 id i.opo 



THE WEIGHT CALCULATOR. 



VlLLtAH ClUOWtCX, 

,™i .... «.»3 



flive Riiteii, from n 



fmostly ID be pafoj-nm] at nftbl), will IL6b] 
Aniw«i : tbs iMidIc bfini chIcuIuhI uid dul. 



_, , o( ■ sinilc uliliiion 

iiObfd ui au^vftAie or iot»A6,(nD 



THE DISCOUNT GUIDE. 

CompruioB Kverml Seriea oT TaIiIt 



01 uiy mode of auog DlKOdDtt, «lth< 



illow 



o iio 



AccDanunt. New Edilion, Conected.' 
[■mil 1 1 ill II ITiil' I rvU'yir—t.'™'^ 

TABLES OF WAGES. 

Al 54, ji. so uid 4I Houri pel Week. Showii 

■druicinK by One Shilling bom tl. la ssi.' pe 

AuouQunl. Sqiuue down 8vd, half^baund . 

IRON-PLATE WEIGHT TABLES. 






lh« Eiact PioBI uuiDE 
»c or Sale oF Goodi, ■nd 

Sdf/ T^la of PmSt a 
11 fitno il 10 qSl per cool., 
n». By Hkniiv [f akhn, 



luel c? W 



For lioo Shipboilden. Bi](inecn. ud lioo Hscbuiu Conuinini tht 
I Ibot by « io. by i'in. la to feel by ( fe4[ by i in. Woflinl (nil on Ihe Bu> cl 



ORIENTAL MANUALS AND TEXT-BOOKS. 

NOTICE: — Messrs. Crosby Lockwood & Son will forward 
on application a New and Revised List of Text-bookii and 
Manuals for Students ia Oriental Langu^es, many of which 
are used as Text-books (or tlie ExaminatioDS for the Indian 
Civil Service and Ibe Indian StaSf Corps : also as Class Books 
in Colleges and SchooU in India. 
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AGRICULTURE. FARMING, 
GARDENING, ETC. 



A CaDHndiuiii at Hoibmiliy. OiiiuulLy Wriiien by Wiujut YocArr. 
roDitctnlh EditioD, tnlixir Kewilxlcn, couuitrably SnlMtgcd, wd broacfal 
Bp fo Picunt RcquSriincnu, by WiLLiAH Fniui, LL.D,, Auiitui Com- 
B^ioREi, Boyal CoBiniuioD oa AgiKuJlun, Autbor of " Tbe EltmeiiU at 
Asiicullate," &c Roynl Svo. i.iw pp.. 4ja lUnuiUiaiu, huidiomclv bounil. 
£1 111. ea. 




AGRICULTORB. FARMING. GARDENING. *t. 



If John Olivs. Iks 



BRITI5H DAIRVINQ. 

A Mudv VolanH od iI» Work of ibt Dtlrr-Fm 
InlUuctuin CluKi, Studenu in Asricultun] Col 
" , By P(o(. J. p. Shildoh. With llli 



Revucd. Crown Sn, 



e Dh of Technlul 

tag Wwkini_D«rr- 

Stcond Ediiian, 






Woodculj. Ccovn 



I 



THE ELEMENTS OP AORICULTURAL OEOLOOV. 

A ScieDIilc Aid loPnctict] Fuming. Bv FuHioii UcCoNHaLL. Aothac ot' 
"Noli-BoolcorAgricallBnilFuusodFiiiuu." 8ro,cliHh . IV»>91<0 



FERTILISERS AND FEBDINQ STUFFS. 

Their FiDHiliai uid Uiei, A Huidbuok r« the Pnclinl Pmniwr. Br 
Ba(NAiu>I>mi. D.Sc.<LiKiil). WiiL the Tut of the Fariilim ud Pcedini 
StuITt Act ef iSai. The Kceululigcu sod Farmtof the Baud of Agricujcun, 
■nd Ndiuon the Ai:l t.y A. J.U.1VID. ^.A., LL.M. t'Durlli Editioo, KeriKd. 



THE ROTHAMSTBD EXPERIMENTS AND THBIR 

PRACTICAL LK5JONJ POR FARMERS. 

pmit 1. Srocic Pin tl. Cuon. By C. J. R. Tirpn. Cisn B>b. club. 



THE FIELDS OP GREAT BRITAIN. 

A Teil-Boali of Agricqllure. Adapted la the i 
An Depuimcm, Foi Elemeniu]' Ktid Advu 
CuiHJlHTS [Boird ot Trade). Second Editigi 
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OUTLINES OP MODERN FARMINO. 

B; R. SCDii Sunn. Soils, Muiurex, and Cropi— FariulD( mud Panoloa 
Economy— Coti I e. ShHp. Bod Hana— ManaKcmsnt of Dairv, PlfSi ana 
PouLiiy— ItiLUuilon of Town-SemK'^. Iiilinllan, Ac Stub tdlUon. In 
One Vol., i.ijo pp., hiU-bound. pra^ly Ulustraled. ... 1 QJQ 

FARM ENOINEERINa. The COMPLBTB TEXT-BOOK of. 

Ro>£, Pcncci ud Guct ; Fum BuildinKi ; Bun tinpJEmeau uid Mudiiiicc: 
Field ImplemmU uid Mucbinci ; AgikuJiunl Siu-nring. Ac. By fnfamt 
JoKI Scott. In One Vol.. t,isa pp., lull'-bauiid, wiiti «>« fas lltauiiiiou. 

1S/0 
DRAINING AND EMBANKINO. 

A Practlia] TccalJK. By Johh Scott, lale Pioteaor ol Agrlcultun aoA 
Rurgl Economy ul tbs Roy^ Agdcullutkl Calleie, Ciienceiler. With 6t 
lUustmloni. 6ro»-ii 8vo, clolh ...._--.. 1/0 

IRRIGATION AND WATER SUPPLY 

A Pnclical TreatlH on Water MeaQovn. Sevriige Irclgmlon, WuplOf. hcA 
on Ihe Cotutniclton of Wells, Pondi. and Reservoln. be. Br rinfijiia 
J.Scott. Ctown Bvo. cloth ........ 1/0 

FARM ROADS, FENCES, AND GATES: 

A Piacllcal Treatise on the Rowk. Tiunwuri. ant) Walecvny* Ot tiM 
Farm: the Principle of Enclosmcs; and ou Feotes, Gales, and Sltlas. B» 
Profe*«r John ffcoTT. Cro«n Svo.clolh 1/« 

BARN IMPLEMENTS AND MACHINES: 

Treating of Ihe Application n( Power id the Operatlan;of Atirlcullure and 
of the- various Machines used In the Threthlne-hani, In the Slockyatd. 
Daley, (tc. By Professoc JOKH ScoTT. With tij llluilrallons. Crown 
8vo, cloth 2/0 

FIELD IMPLEMENTS AND MACHINES: 

with Principles and Details o! Cooslructlon and Points of EncellBnee. their 
ManagemenI, «c. By Professor John Scott. With lafl Illustrations. 
Crown 8vo, oWh 2/0 

AGRICULTURAL SURVEYING: 

K Treatise on Land Surveying, LcVElllne, and Selllng^iul ; with DlrecUooa 
for Valulni! and Reporting on Farms and Estates. By Prolessor J. Scott. 
Crown Bvo, cloth !« 

OUTUNES OF FARM MANAGEMENT. 

Traatlng of the General Work of the Farm; Stock; Conlrad Work, 
Labdar, Slc. By R. Scon Busn. Crown Bvo. clolh . , S/a 

OUTLINES OF LANDED ESTATES MANAGEMENT. 

Treating af the Varieties of Lands, Methods of Farmine, Ihe Selllng-out of 
Farms. Sc. ; Roads, Fences, Gales, trrlgailon. Drainage, io. By E. S. Burn, 



AGRICULTURE. FARMING. GARDBNIHG. St. 55 
PARMING AND FARMINU ECONOMY. 

HInorlcalandPncIlcil. Vol. II.— OUTLINES OF MODERN FARMING. 
By R. Scott Burh. Crown Svo, oloLh 3.-0 



NOTE-BOOK OP AORICULTURAL PACT5 A FIQURES 

FOR FARMERS AND FARM STUDENTS. 

By Pmuins* McCoH'.ii.L. B.Sc., KcIIowdTiIk Hi)thl*iid_>md AKiicnlionJ 

Knruol, and eieilly Enluiwl. Fop. Svo, 4<<i pp.. lulber. gill «lg«<, 

C l<tl PmblitM. f/tt 7/8 



TABLES and MEMORANDA for PARMER5, ORAZIBRS, 

AaRICULTURALATUDBNTS, AURVEYOR3. LAND AUBNT5. 
AUCTIONEERS, Ac. 

With m Ne<rST>i™ °( l^um B«.k-k<>eu>l(. By SiPHKV ruHcri. Finh 

Edition. 171 pp., •raiUCOU-pMktt lin, limp luubn .1(8 

"WaUhuiir UvtUiH iQft. jiidcKmpvliiriu niAr*HiwatluD4npLi:K-bDE.Iic:DnfilDA«iBAU 

o* fcctt mJ cakul>ck4» tFbiCA tu uaw bafon. in fucb iHnd*^ fMni. lM«4 obufcOfkUa. Bmr 

THE HAY AND STRAW MEASURER: 

READY RECKONER POR ADMEASUREMENT OP LAND. 

By A AniiAH, Rrvtird and ulendcd t>> C. Noaill. SuTveyoi. FIFth 
Edlljon. Crown Hvo, clolb 2/0 

READY RECKONER POR MILLERS. CORN MER- 
CHANTS, 

And Farmers. Second Edition, rwlsed, witb a Price Usi oT Modem Flour 
Mill Machini^. By W. S. HuTTOM.C.K, Crorni Svo, cloih . . 2/0 

BOOK - KEEPINQ POR FARMERS AND ESTATE 

OWNERS. 
A Practical TrratiH. pnKntlne. In Three Plans, a System adapted for III 
elaas« of Fanp6. Bv J. M. AVoPDHAK. Chanered Accopnlant. Founh 
Edillon. Crown Svo. doth 2/B 



5b CROSBY LOCKWOOD 6* SON'S CATALOGUE. 
WOODMAN'5 YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and sbowins the InoooM and 
Expenditure under each Department of Crops. Live Stock, Dairy, ftc., Ac 
With Valuation, Profit and Loss Account, and Balance Sheet at the Rnd of the 
Yftar. By Iohnson M. Woodman, Chartered Accountant. Second Rdttion. 

Folio, half-bound JUmt 7/9 

" ContNlns vfrf rvqulMte for keeptnc fann accoiints readily and accoiataly.''— ^ 



THE HORTICULTURAL NOTE-BOOK, 

A Manual of Practical Rules, Data, and Tables, for the use of Students, 
Gardeners, Nurserymen, and others interested in Flower, Fruit, and Vegetable 
Culture, or in the Layineout and Management of Gardens. By J. C. 
Newsham, F.R.H.S., Headmaster of the ^ Hampshire County Cooncil 
Horticultural School. With numerous Illustrations, reap 8vo, cloth. 

[Just Published. NH 7/6 

MARKET AND KITCHEN QARDENINQ. 

ByC.W. Shaw, late Editor of "Gardening Illustrated." Crown 8vo 3/S 
" The most valuable comijcndiuiu of kitchen and market -garden work published.''— ^arjMr*'. 

A PLAIN GUIDE TO GOOD QARDENINQ ; 

Or, How to Grow Vegetables, Fruits, and Flowers. Bt S. Wood. Foortb 

Edition, with considerable Additions, and numerous lUnstratioos. CrowB 

8vo. cloth 8/6 

" A very {food book, and one to b« highly recommended as a practical gulda. The peiLtk i al 
dlrectknu are exceOenL" — AUufurun^. 

THE FORCING GARDEN; 

Or, How to Grow Early Fruits, Flowers and Vegeubles. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illostratioiis. 

By Samuel Wood. Crown 8vo, cloth 8/6 

"A Kood book, contalninif a (rreat deal of valuable teechtng.** — C« wlwi#rr' MmgmHm*. 

KITCHEN QARDENINQ MADE EASY. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By Geo. M. F. 

Gi.KNNY. Illustrated. Crown 8vo, cloth *! /Q 

" This book will be found trustworthy and usefuL"— AVrtA British AgricuiturisL 

COTTAGE QARDENINQ; 

Or, Flowers, Fruits, and Vegetables or Small Gardens. By E. Hobday. 
Crown 8vo, cloth "1 /3 

" Definite instructions as to the cultivation of small ^At^en^"— Scotsman, 

QARDEN RECEIPTS. 

Edited by Charles W. QuiN. Fourth Edition. Crown 8vo, cloth . 1/S 

"A <-ini;ularly complete collection of the principal receipts needed by gardeners. "—/«»:>»««»-, 

MULTUM-IN-PARVO QARDENINQ; 

Or, How to Make One Acre of Land produce JCt-io a year, hy the Cnltivatioii 
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses, 
so as to realise T^iit per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening, &c. Sixth Edition, Crown 8vo, sewed . • I/O 

THE LADIES' MULTUM-IN-PARVO FLOWER QARDBNe 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 8/6 

FRUIT TREES, 

The Scientific and Profitable Culture of. From the French of M. Du 
Breuil. Fifth Edition, carefully Revised by George Glenny. With 187 

Woodcuts. Crown 8vo, cloth 3/6 

" The book teaches how to prune and train fruit trees to perfectioru"— ^tV/rfl 
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ART OF ORAFTINQ AND BUDDING. 

ByCH.SLEaBALTEr. Wllh lllii!tmlon5. Crown 

TREE PRUNER: 

Being a PrMllcal MiniuJ nn (he Pruning of Fmll T«e«, Imludlng «Im 

CltabJ^'"^! "plowBrtnT' Winl^ With "Sumerana aTialrallons. Bv 
S«HUiLWonD.Aulhoro("GoodGMdBning." Ac. Crown Svo, elolh 1/6 

TREE PLANTER AND PLANT PROPAQATOR: 

with numerous llluslraljons of Giafling, LayerlnE. Budding, Imptemenls, 
HouMS. Ptl5, ac. By S.Wood. Crown Svo, dotfi . , . , 2/0 

•.* nt afroM Tvo Vols i» Om, hai-Unmih »nI/-4(«i«J 

PLANTKR, PB0P*a*T01CAKDPmiNEi>." By S«iivel\ 

THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W. H. JOHNSOK, F.L.S.. F.R.H.S. Bro dolh . StI 7/8 

POTATOES! HOW TO GROW AND SHOW THEM. 

A Prictical Gaidi ID Ifae Culllvuion ind General TreUmoil of 111* P«UO. 
By J. Pink. Crown 8vo 2/0 

BHES FOR PLEASURE AND PROFIT. 

A Gaide to the Uanitnilulon at Bco, the PloduclUui oF Honey, ud Ibt 
Gineul Mnnnfemini of Ibt Api>r7. By G. GoKDOH Sahsoh. With 
anmooai IllDitniion. Crown Im, wnpps 1;0 



AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD-S TABLES FOR PURCHASING ESTATES 

AND FOR THE VALUATION OP PROPERTIES. 

Including AdfDwwnt, Auunna Policies, Coprholds, Deferred Annnitio, 

Mongafcs. Perpetuities, Renewal! of Le»e>, Reversion!, sinking Fundi, 
&c, &c. iSih Edition, V-cwiird ud Eiteoded by Wiluau ScHoauHa, 
F.R.A.S., irith Lacuitbmi of Nittnnl Nninbeii uid Thohah'i Loouiibink 

tnbw*>» >ruf AnrmitaT-l.l-' -' T. _o.._ _l_.L mr .^ «h .a 










CROSBY LOCKWOOD &■ SONS CATALOGUE. 



AQRICULTURAL 5URVEV0R AND ESTATE AGENT'S 

KAMDBOOK. 

Ton BmoMT, AnticuliBml Surnvm mnd V»lii«, AuLbot at " The \gn- 
culiDikl VUn«r'> AuiMuii, " tic. With llliuumtniK. Faij. In. Lmha. 

xti Tie 



AUCTIONEERS: THEIR DUTIES AND LIABtUTIES. 

le YauxE ABctimcn. By Roiaa 
TUsd Demr In. doch . 12/1 



, Second lUiliaD. Rerued 



Keveitiiini. and of Properly geneinllf ; >> 
Sivenlh Edilion' Roy^'jima, clo^ 



^ll^Si^^^S^iM^h 






a. Revised, with Appendix cc 



POLE PLANTATIONS AND UNDERWOODS. 

A Pclcncd Huidtxnk on E«imuiiiE tne Cou of Fanning, 
iDDprovini, uid Gmbbinft PUuuitiDni uid Uftderwoadt. ita^ V 
PurpouioitTruiifet, R«ul. Sale or A»eiiineni. By Ton Bma 



THE LAND IMPROVER'S POCKET-BOOK. 



kcond EilliicKi Revueil, Rt> 



'^LiJa^" ."SC 



AnCTIOSBBRlNG, VALUING. LAND SUSVEYI^a, I 



THE LAND VALUER'S BEST ASSISTANT. 

nudi Impiovnl Plui, for Cakulaling Ihc 

..J..., ScoKb, Irub, «nd Piovind»l t 

By R. HuDioH, C.E. New 

Royal]!-- '— ' 1— i- i — J 



Enua. With Tablrt (or r 



MATHEMATICS, ARITHMETIC, ETC. 
TREATISE ON MATHEMATICS, 

As applied lo ihe Canslrucrivs Aiis. By Francis Oui-m, C.E., At 
Thiid EdIIIon. Crown Ijvo, cloth 3^0 

SLIDE RULE, AND HOW TO USE IT. 

Containing full, enay, bocI simple Insirueilons lo periotni all BusineM C«!. 
cutallons with imeiuiipled npldltv and accuracy. By Charlbi Hoaki. 
C.E. Wllhu Slide Rule, In luck of^covet, Ei|)lilb Bdlllon. Ci.iva S/Q 

MATHEMATICAL TABLES, 

Far Trleonomctrlcal, AttronomluJ. and N'autlcal CalculUlons ; to Khlch Is 
profiled a TrealisE nn Logariibms. By H. L*«. C.E, Togelbor wlH a 
Series of TablKi for Navjuilon and Naulleal Anlcouomy. By Profuur 
J, R-VotiHO. New Edition, Crown Bvo. cloth . . . . 4/0 

LOGARITHMS. 

with Malheroatical Tables tor Tiigonomelrlcal, Astronomical, and Nautical 
CalcuUUoDB. By HiNxy Law, C.E. Revised EcUllon. IFormlnB part □( 
ttac above work.) Crown Svo, sloib S/O 

EUCLID, 

Tbe Eltmenls ol^ with many Additional ProptAitloas and EiplaDatory 
NoLci ; ID which l« prefiled an Inirnduclory Eiuy on Logic. By Hehhv 

Law, C.E. Crown Bvo. cloth 3/e 

••■ SM aim uparatils. vii. .-— ■ 

EUCLID, The First Three Books. By He«by Law. C.E. Crown Bto. 
cl«h vo 

EUCLID. &ooki4. l.fi II. II. By H«B«v Law. C.E. Crown Sio. cIoS 

1/e 

THEORY OF COMPOUND INTEREST AND ANNUITIES, 

with Tables a! Logarllbms for the more Dlfficull ComouUtions of Intecesl. 

and State PurposH.' By FiDoR Thohak. of Ihe Socittt CrcdII Mobilier, 
Parii. Faunh Edition. Crown By«, elelb 4/0 

ARITHMETIC, 

~ -- utarj, lor the U«e of School* and Self-lnilnicllon. By Jauks 
K.U.A. Reilsslbj AbuuahAiham. Crown 8vo, cloth . 1/S 
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ARITHMETIC, 

A Rudimentary Treatise on : with full Explanations of its Theoretical Prin- 
ciples, and numerous Examples for Practice. For the use of Schoob and 
for Self- Instruction. By J. R. Youmo, late Professor of Mathematics in 
Belfast College. Fourteenth Edition. Crown 8vo, cloth • « •1/6 

KEY TO THE ABOVE. 

ByJ. R.Young. Crown 8vo, cloth* • . ■ • • • 1/6 

EQUATIONAL ARITHMETIC, 

Applied to Q je^tions of Interest. Annuities, Life Assurance, and General 
Commerce : with various Tables by which all calculations may be greatly 
facilitated. By \V. Hipsley. Crown 8vo, cloth . « « . .1/6 

COMMERCIAL BOOK-KEEPING. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By Iames Hadoon, M..\., formerly Mathematical Master, King's 
College School. Crown 8vo, cloth . ■ • t . . . • 1 Jq 

ALGEBRA, 

The I^Iements of. By Javes Hadoon, M..\., formerly Mathtematica] 
Master of King's College bchool. With .\ppendix. containing Misoellaneons 
Investigations, and a collection of Problems. Crown 8vo, doth . 2/0 

KEY AND COMPANION TO THE ABOVE- 

An extensive repository of Solved Examples and Problems in Illostration 
of the various Expedient^ necessary in Algebraical Operations. By J. R. 
Young. Crown Svo, cloth -j /3 

DESCRIPTIVE GEOMETRY, 

An clementar>- Treatise on ; with a Theory of Shadows and of Pe r ap ect ivc 
extracted froni the French of G. Monge. To which is added a Descripciofi 
of the Principle* and Practice of Isometrical Projection. By J. F. HsATHEa, 
M.A. With u Plates. Crown Svo, cloth 2/0 

PRACTICAL PLANE GEOMETRY: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geomctncil Construction of the Ground. By J. F. HsATHUt, M.A. 
Crown bvo, cioth 2/0 

" The a-^thor i^ wel'.-kr. -«n !-> an e\;-«ntfn<:eii |>rofc&<or, an J the TOiuine /'rt«»»»wi5 f nrwplc tx. 
a CuUcctioc «.■: ; :.'. le;::* a> i> l:V.e"y : j be re^uireJ ia ordiaar>- |>r*ctke.'° — .fnAHect, 

ANALYTICAL GEOMETRY AND CONIC SECTIONS. 

By J. Hans. Enlarged by Proft-ssor J. R. Young. Crown Svo, doth 2/0 
"The I-..:. ,r s s:>'.e i-^ e\ji-c \ '.'.{'.y <:'.cu ar.J simple, and ihe l>ook is well *^irtTrd for the 

besinner ai-.i t'-.'. >e r.2i :„-.j l* ^ I ^tx! ;•-> have recourse ;o s«lf-liatiua."—iE«^-»n<rr. 

PLANE TRIGONOMETRY, 

The Elements ci. I>y James Hann, M..\. Seventh Edition. Cr. Svo. 1/6 

SPHERICAL TRIGONOMETRY, 

The Eltir.er.ti- cf. By James Hann. Revised by Charlxs H. Dowuxg, 

C.E. Crcwn b%c. c.c'ih '...,, "l^-O 

•«• Or u;.''j "Iht KU^unis of P^unt Trtgonomtir^" in On* Vol. Crown 

DIFFERENTIAL CALCULUS, 

Elcn-.ents of the. By \V. S. B. Woolhouse. Crown Svo, cloth • 1/6 

INTEGRAL CALCULUS. 

By HoMERSKAM Cox, B..\. CrowrnJSvo, cloth 176 



MATHEMATICS, ARITHMETIC, <S-f. 6i 



MATHEMATICAL INSTRUMENTS, 

A Treatise on ; Their Construction, Adjustment, Testing and Use concisely 
explained. By J. F. Heather, M.A.. of the Royal Military Academy, 
Woolwich. Fifteenth Edition, Revised with Additions, by A. T. Walmis- 
LEY, M.Inst.C.E., Fellow of the Surveyors' Institution. Original Edition in 

One Vol., Illustrated. Crown 8vo, cloth , . 2/0 

•«• In ordering be careful to say " Original Edition" to distinguish it from tht 

Enlarged Edition in Three Vols, (see below). 

DRAWING AND MEASURING INSTRUMENTS, 

Including— I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used tor the purposes of Accurate Measiirement, 
and for Arithmetical Computations. By J. F. Heather, M.A. Cr. 8vo 1 jQ 



OPTICAL INSTRUMENTS, 

I Including (more especially) Telescopes, Microscopes, and Apparatus foe 
producing copies of Maps and Plans by Photography. By J. F, Heather, 
M.A. Illustrated. Crown 8vo, cloth 1/6 

SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

{ Including— I. Instruments used for Determining the Geometrical Features 

of a portion of Ground. II. Instruments employed In Astronomical Obser« 
] vations. By J. F. Heather, M.A. Illustrated. Crown 8vo, cloth . 1/6 

I *♦* The above Three Volumes form an Enlargement o/ the Author's original work 

j •* Mathematical Instruments," pnce 2/0> 

I MATHEMATICAL INSTRUMENTS: 

' Their Construction, Adjustment, Testing and Use« Comprising Drawing, 

Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlargea Edition, for the most part re-written. Inree 

t Parts as above. Crown 8vo, cloth 4/6 

I " An exhaustive treatise, belonging to the well known Weale's Series. Mr. Heather's expert* 

! ence well qualities him fur the task be lias so ably tuA&Hlxd." ^Engineering and BuildiHg Times, 

STATICS AND DYNAMICS, 

The Principles and Practice of ; embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces] By T. Baker, C.£. 
Fourth Edition. Crown 8vo, cloth 1/6 
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LAW AND MISCELLANEOUS. 



BVBRY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Conctsm 
Dictionary or Legal Terms. By A Barkistbk. Forty-third Kditioo, 
carefully Revised, and comprising New Acts of Parliament, indudinc the 
Trades Marks Act, 1905; Railway Fires Act, 1905; Alutis Act, 1905; 
ijntmployed Workmtn's Act, 1005; Marriages Act, 1905; Frtvtntion of 
Cruelty to Children Act, 1904 ; Weights and Measures Act, 1904 ; Shop Hours 
Act, 1904; and many other recent Acts, including the New Law relating to 
the Granting of Patents for Inventions, which came into operation od Jan. z, 
1905. Judicial Decisions pronounced during the year have also been duly 
noted. Large Crown 8vo, 838 pp., cloth. [Just Published. Net SJS 

%• This Standard Work of Re/ertnce forms a Complxtb Epitomb or not 
Laws or Engu^md, comprising {amottgst other matter): 



THE RIGHTS AND WRONGS OF INDIVIDUALS 



Landlord and tknant 

VBNDORit and PURCHASBRS 

Contracts and agrbbments 
Conveyances and Mortcagbs 
Joint-stock companies 
partnership. shipping law 
Dbalinc;s wiiH Money, suretiship 
CHEQUES, Bills a.nd Notes 
Bills of sale. Bankruptcy 
Masters. Skrvams and wokkmrn 
insurance: life. acciuhnt, etc. 



Copyright, patents, Tradb Marks 

HUSBAND and WIFB, DIVORCB 
INFANCY, CUSTODY OF CHILDRBN 

Trustees and Exbcutors 
Taxb* *nd drath duties 
Clergymen, Doctors, and Lawybks 
Parliamentary Elections 

LOCAL Government 

LlEKL and SLANDBR 

nuisances. criminal law 
Game Laws. Gaming. Innkbhpbrs 



forms of Wills, agrbbmbnts. Noticbs, &c 



W^ Tht object 0/ this ■work is to tnabU those whc (insult it to htip themstime* tm C*c 
Im-m ; and thsrtby to dispense, as/mr as pcssibU, -urith pntftssional assistance and attvice, Tk 
art many ivrongs and grUvances which persons submit to from time to time tkrattg-M 
knowing how or where to aPpiy for redress ; and many fersons have as great a etrmel qfm 
lawyers oflce as o/a lions den. H^'ith this book at hand it is believed that many a SlX-ANX>> 
EiGHTPBNCE may be saved ; many a wrong redressed ; many a right reclaim^; nusny m Ittm 
suit tFvoided ; and many an evil abated. The work has estahUshed itself as the simndmrd ietgmi 
adviser of all classes, and has also made a refutation for itseif as a useful hook ^ r^/krtncm /igm 
lonoyers residing at a distance from law libraries, who are glad to have eU Meutei , 
omfodying recent decisions and enactments. 



•»• Opinions or thb Pkbss. 

"The amount of infonnation given in the volume is simply wonderfuL The contliuiwl 
popularity of the work shows that it fulfils a useful purpose." — Law yonmal. 

" As a book of reference this volume is without a iivaL"~Pall Mall Gasette, 
"No Englishman ought to be without this book."— Iingineer. 
" Ought to be in every business establishment and in all libraries."— 5A</7fc/i^ Post. 
" The ' Concise Dictionary ' adds considerably to its yalvie."—lVestmiruter Gazette. 

" It Is a complete code of English Law written in plain language, which all can undetstaiui. 
. . . Should be in the hands of every tMuiness man. and all who witfi to alwUsh Uwyets' bOlB.".. 
Weekly Times. 

" A useful and cond&e epitome of the law. compiled with considerable care."— iunv Magmstimm. 

" A complete digest of the most useful facts which constitute English ]»w."^Globt. 

"Admirably done, admirably arranged, and admirably ch9»p."— Leeds Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly wiitten that bm w^ 
runs may read, and he who reads may understand."— /^%farv. 

" A dictionary of legal facts well put together. The book is a very useful one." 



LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts or Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttutv, 



Solicitor. Fcap. 8vo, cloth 



8/6 
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HANDBOOK FOR SOLICITORS AND ENQINEBRS 

Eogased in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways, Gas and Water Works, &c 
By L. L. Macassbv, of the Middle Temple, Barrister-at-Law, M.I.C.E 
8vo, cloth £1 6s. 

PATENT5 for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardimcham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth • 1/6 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jeams. Crown vo, aoo pp., 
cloth 2/6 

MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By Johm 
B. Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 
" This invaluaNe fuide to Journalism is a work wtiich all aspirants to a Journalistic cataar wiO 
raad with advantasre."— y«Mm4■<il'^ 

DICTIONARY OF PAINTERS, 

And Handbook tor Picture Amateurs ; beinf? a Guide for Visitors to Public 

and Private Picture Galleries, and for Art Students, including Glossary of 

Terms, &c. By Philipi'K Daryl, B.A. Crown 8vo, cloth . . 2/6 

"Considering its small compass, really admirable. We cordially recommend the book." — 

DICTIONARY OF TERMS USED IN ARCHITECTURE, 
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